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SMIA CLABA VALLEY WATER COrSERVATIOE PBOJECT 
LET IBB OF TBANRMT»PmT. 

Santa Clara Valley Water Conservation Committee, 

San Jose, California. 

Centlement— 

Acting under instructions o 3 your Committee confirmed on July 
31at, 1920, we have completed our investigations of the water resources 
si Santa Clara Valley, and submit herewith out report on the Santa Clara 
Valley Water Conservation Project. Preparation of this report has 
involved about eight months continuous work, and the expenditure of 
about $25,000. in field and office investigations. The report contains 
163 typewritten pages, illustrated with 42 photographs, and 70 diagrams, 
oharta end maps. During the course of the investigation, a new topo¬ 
graphic map has been prepared of the Valley floor. About 600 wells 
have been located and measured, and the water levels determined. Selected 
wells have been periodically measured to determine their fluctuation, 
about 4000 measurements being recorded. The position, extent, origin, 
and movement of the underground water bodies has been determined. Economic 
studies have been made showing the present stage of development of the 
Valley, the growth of the demand for water, and the probable rate and. 
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The duty 


final extent of the Valley*B development and water demand* 
and cost of water under present conditions has been determined* A 

complete analytical study has been made of the runoff and rainfall of \ 

the surrounding watersheds, and the portions of this runoff which \ 

) 

) 

under natural conditions find their way from the stream beds to the ] 
underground water bodies, and the portions which are normally wasted 

into San Francisco Bay* Seventeen reservoir sites have been located; 

\ 

\ 

and surveyed for the storage of surplus water in the mountains, and j 

surveys have been made for construction works in certain oreek bede 

t 

designed to increase the natural percolation* Preliminary designs 

\ 

\ 

and cost estimates hav6 been made for construction works designed to j 
conserve all of the water vfcich it is practical to save* A con¬ 
struction program has been outlined, and a scheme of organisation 
and procedure has been suggested* 

BTIMMAftV 

Chapter I gives a general description of Santa Clare Valley shoving 
its geographical position and commenting upon the unusually favorable 
conditions of topography, climate, transportation facilities, and 
residential and educational facilities, which ha9 led to the unexcelled 
horticultural development of the Valley* 

It is also shown that an impending water shortage led to the 
initiation of the present investigation, the results of which form this 
report. 

Chapter II sketches the history and general development of the 
Valley, indicating its growth in population since its first settlement 




T 




about 150 years ago, together with its growth in valuation* A 
crop survey ie included, showing the exact acreage in each of the bIx 
primary divisions in the Valley which is in various crops* and other 
non**agricultural or non-irrigated areas, including the areaa in cities 
and towns* It is shown that the growth of the orchard industry 
is such that in 11 or 12 years all of the remaining available land 

i 

will have been planted* It is concluded that the present develop* \. 

| 

ment of the Valley is such that approximately zjz of the maximum 

i 

» demand for water has been reached, and that the rate of development 

is such that the maximum demand will probably be reached about the end of 
the next decade. 

Chanter III gives the development in the Valley of irrigation, 
starting about 1900. The relatively Bmall development of gravity 
irrigation ditches is indicated with brief descriptions of each surface 
system. 

The volume of water utilized in gravity irrigation is given 
for the past 18 years* 

The extent and distribution of irrigating pumping plants is 
given in some detail with the growth in number of plants for each 
division of the District since 1890. The capacity of the pumping 
plants is considered, and it is shown that under present conditions 
the cost of water supplied by the pumping plants is from #20.00 to 
#37*50 per acre per year* 

About two-thirds cf the irrigable agricultural lands were 
served with water in 1920* including 9(% percent of the orchard area* 
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The duty of water for various crops 1 b developed, and it is shown 
that in 1920 there should have been used 136,870 acre feet, 'The 

District contains a total net area of irrigable agricultural laud i 

, l 

of 127,212 acres, the total area in the District being 157,550 acres* 
Within the next decade the water demand will increase to a sustained 
maximum within the District of 203,000 acre feet per year, and 
within the Valley, South to Gilroy, including a 5% addition for 
high marginal areas, of 213,000 acre feet per year* 

Chapter IV describes, the water resources of the District* 

The tributary watersheds of the Valley are delineated and the total 
area is shown to he 576*7 square miles* This has been segregated 
into 28 different parts each having a separate drainage outlet into 
the District* An exhaustive analysis has been made of the rainfall 
of the entire watershed, using all available data extending baok to 
1849* The annual rainfall is tabulated for each of nine base 
stations from 1849 to date. The normal rainfall has been tabulated 
for each of the 28 watershed* as well as for different portions of the 
Valley floor* normal rainfal has been deduced for 30 additional 
subsidiary stations* The runoff has been analysed for each of 

iV' 

the various compoent watersheds based upon rainfall determinations 
and upon careful measurements of the actual runoff over portions of 
the watershed for considerable periods* The runoff has been 
computed for each year from 1902 to 1920, and it is finally shevn 
that the average seasonal runoff is 267,905 acre feet, the m a ximum 
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being 542*405, and the minimum 24,425 ac. ft# 

The natural underground water supply has been determined, 
based upon field measurements of seepage losses, in the various 
creek beds, and upon a study of the probable flow in each creek 
for the past IB years* A study has been made from well logs of 
the available porosity of the underground material and its total 

available volume* It is concluded that in the WeBt Side Division, j 

I i 

for example, the average available porosity is 11*1$* The : ; 

i 

replenishment of the underground waters is canpnted for each stream, 
the portion of the total runoff absorbed in the creek beda, averag¬ 
ing 38$, The average total annual absorption is 89,180 ac* ft*, j j 

| j 

varying from a maximum of 144,875 to a mimlmom of 19,965 ac* ft* ; 
Adding the average natural stream absorption to -die average gravity 
irrigation, shows that the total thus obtained and theoretically 
usable averages but 102*230 ac* ft*, or but 48$ of the maximum re¬ 
quirement* 

A study is made of the geological formation of the valley 
floor, especially of the location and extent of the water-bearing 
material* Underground water movements and wd 1 fluctuations axe 
indicated, and the position of the low water plane is mapped, showing 
extensive areas where the depth to water exceeds 100 feet* It is 
especially noticable that the wells respond at once to stream-flow 
in the adjoining creeks, and it is concluded that could this stream- 
flow be artificially prolonged, then the spring rise of the water 
plane would be correspondingly increased* The position of the water 
plane in 1904 was determined, and the average fall in the water plane 
for the last four years is especially significant* This fall which 
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1 i 


is shown to he permanent, averages 4 to 5 feet per year in the West 
Side Division, and corresponds very closely to the result of analyti- 
oal studies of the defloienoy in natural replenishment as compared 
with water used in the last four years, the drop in the water plane 
being equal to this average deficiency multiplied by the average avails 

able porosity of the water-bearing material. One of the most Important / 

■ - jl 

conclusions of she report is that with average natural replenishment | 

fj 

and the water demand which will be reached within ten years, the fj 

| 

average annual permanent drop of the water plane will be 5-1/4 feet, 
and in the West Side Division alone, over 6 feet* 

Chapter V on the conservation and use of water, describes 
the construction work proposed for the maximum practical amount of 
water conservation, 1? different reservoir sites are listed and 
mapped, together with the available runoff and storage capacity of 
each, with brief descriptions of construction work proposed for each, 
and general descriptions of each reservoir and dam site, A study la 
made of the probable silting of the reservoirs, and it is Bhown that 
this is unimportant, The proposed utilization of the storage reser¬ 
voirs is described, the important feature being the shifting of 
water from the Coyote watershed which has a large surplus, diagonally 
across the District to the West Side Division, which has the greatest 
deficiency. It is shown that the Coyote Valley can be provided 
for, after which there Till be left an average surplus from the 
Coyote reservoirs of 34,000 ac» ft*, for other portions of the 
Valley. Various combinations are indicated for the use of the 
West Side reservoirs. Descriptions are given of low spreading dams 
proposed for creek beds to increase the rate of percolation, and thus 
i 
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increase the amounts of water which can he ultimately conserved and which 
cannot he feasibly stored in the mountains* Such dams are particularly 
proposed upon the Los Gatos and Guadalupe Creeks. An analysis is made 
of the reused ground water in the lower endB of the District* end an 
estimate of the amounts of water for various divisions which may he 
re-used* A final tabulation b ternary for the entire District of the 
water demand and the supplies which msy he available to satisfy this 
demand, shows that to meet the estimated demand of 213,000 acre feet, 
there may he available from primary sources of supply (mountain 

v 

storage and spreading dams) 177*480 acre feet, and from secondary 
sources of supply (refused water obtained by pumping in the low-lying 
areas) 38,425 ec.ft.or a total of 215,900 acre feet, or about 3^ in 
excess of the maximum demand* It is possible to ultimately ob¬ 

tain about 25,000 more acre feet by additional and more expensive storage 
r.-- the Coyote and TJvas. 

Chapter VI describes the proposed plan of construction 
with preliminary cost estimates. Cement lined conduits are in the main 
provided to convey the stored water to the points where needed* Local 
distribution is not included* It may be effected by a continuation of 
the present system of allowing water to percolate from the stream beds 
to the underlying water bodies, and then recovering it by individual 
small pumping plants; or if desired, a surface distribution system may be 
installed in whole or in part. Spreading works on a number of stream 
charnels are also proposed* In the two lower divisions (Palo Alto and 
Milpitas Divisions) supplementary supplies are provided through the 
Me of two large central pumping plants which will pump water from 
a line of wells along the lower margin of the District intended to 
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Intercept the f ina l remmt of the underflow which may otherwise he 
permanently lost hy passing ontward Tinder the Bay. 

The estimated cost of the mountain reservoirs is #6,879,795; 

Of the reservoir connecting conduits, #242,500; central pumping plants 
and conduits, $3*555*200; spreading dams* $270,000; total $10,947,495* 
or $69*50 per acre of the gross district acreage of 157*550 acres* 

Chapter VII is furnished hy the Commit tee’s Attorney,Mr .1.2 * 
Bohnett, and indicates ihe proposed Organization of the District hy 
legislative enactment* The District is to he divided into six 
divisions, the Morgan Hill-Gilroy* and the Palo Alto Divisions, with 
one elected trustee each* the Milpitas and Evergreen Divisions, with 
one trustee for the two, sad the large West Side and Coyote Divisions with 
two trustees each* The proposed cans traction work for each division may 
he outlined hy the Trustees of the District under the advice of their 
Engineer, and after detailed plans are prepared* assessments for the 
work may he spread upon the area henefitted according to the benefits 
derived hy each portion of the area, after which the people in the 
District affected will vote upon the proposed project, hy dollars of 
assessed valuation* 


18 




#9-V* 




■BEGOMMEm)A>PTmTR 

It is recommended that the District he organized as out¬ 
lined, as rapidly as possible* and that the construction of the main 
reservoirs and conduit lines, especially to supply the West Side 
Division, he pushed as rapidly as possible* as it is demonstrated that 
unless this he done development of the Talley will he checked because 
of insufficient water; a permanent decline in the water plane having 
commenced about 1917, since the demand for water then began to exoeed 
the natural supply* 

If the complete conservation program he consummated* there 
is available, at the moderate cost of $69.50 per acre, interest on 
which at 6$ would he hut $4*17 per acre per year, sufficient water to 
enable the full development of the entire district, and to guarantee 
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CHAPTEBI. 


PESOSIPTIOH OF TBBBITOBT AMD BSASOg FOB CTTO3TXQATIOT. 


SEHERA1 


From the earliest days of California's development the Santa 
Clara Talley has always been held in the popular mind aa one of the 
garden spots of the State* Its favorable geographical location, 
topography, climate and general productivity have combined to pro* 
duos a community of the highest type with resulting high property 
values* 

Probably no other small local community in the country has 
such, a worldwide reputation, gained from a single fruit product, to 
the growth of which the soil and climate are particularly adapted* 

Famous as the home of the prune it is also a heavy producer of a 
great variety of deciduous fruits, nuts and vines, and special 
annual field crops. 

It is a valley of intensive planting and high cultivation; a 
veritable edition de luxe of horticultural and agricultural development* 
The fame of its beautifully kept orchards, attractive homes and wonderful 
roads is not greater than that of its scenic beauty, for which it is as 
much the Ueooa of the tourist as any of the other show places of ths 
State• 
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GEOGRAPHY (Plate 2) 


The Santa Clara Valley ia located Southerly from the Bay of 
San Francisco. The Coast Bang* mountains on the Vest and the Mt. 
Hamilton range on the East approach each other at a point about 20 
mile* South of the Southern end of San Francisco Bay and enclose the 
principal Talley in a howl shaped and nearly circular area with 
greatest general dimensions North and South 20 miles, and Bast 
and Vest 13 miles* At the South aide the encircling mountains are 

broken by a pass known as the lower Gorge of the Coyote, which opens 
into an extension of the main valley reaching as far South as Gilroy* 
with a length of IS miles and greatest width of 4 miles* This 
extension ia variously known locally as the Coyote or Gilroy valley. 

The total length of the combined valleys from the County line at 
Palo Alto to Gilroy is 46 mileB. Within this area is included the 
major portion of the valley lands of Santa Clara County. 

Many streams enter the valley from the surrounding mountains. 
Principal among these are the Coyote. Uvas, and Ilag&s creeks on the 
South and Alamltos, Guadalupe. los Gatos, Campbell and Stevens creeks 
on the West. 

numerous tcwns and cities are scattered over the area. The 
principal city, situated in the geographical oenter of the main valley, 
ia San Jose, with a population of about 40.000. Quite uniformly die* 
tributed from North to South are the smaller cities and towns of Palo 
Alto. Mayfield. Mountain View. Milpitas. Santa Clara. Los Gatos. Sara*- 
toga. Caapbell, Morgan Hill and Gilroy. 
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TOPOGRAPHY AND CLIMATE 


Th© topography of the Valley ie that of a howl shaped 
amphitheater, with an open aide to the North facing San Erencisco 
Bay* At one time the watehs of the aea probably covered the 
entire valley, forming an enlarged Bay, with the outlet to the 
South through the lower Gorge and Gilroy Valley* 

With the subsidence of the sea, or elevation of the land, 
the gradual wearing from the surrounding mountains has filled the 
valley floor to great depths with the gravels, saiAe and clays of 
erosion* This process has resulted in sloping the plains from 
the lest. South, and East toward the North center at present sea 
level* The slopes are quite steep next the hills, gradually 
flattening as sea level is approached, with broad flat ridges or 
"cones" of greater or less local preminence created by the various 
streams as they have swung hack and forth over the valley floor 
during flood and deposition periods* This building up hy 
deposition of water borne.materials has resulted in a most irregular 
arrangement of the gravels, sends end days comprising the valley 
floor, but in general the materials shade from ooarse gravels at 
the foothill margins to the fine sauLs and clays of the eea level* 
The looal topography of the valley floor is wholly influenced by 
this building effect of the local streams, this in turn affecting 

the soil types ant the resulting crope. 

Elevations for the valley floor range from sea level on 
the North to an average of about 200 feet above sea on the East 
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and South and 300 feet on tie West at the general line of the toe of 
the foothill elopes# A few small areas that might he classified as 
a part of the valley floor proper reach an elevation of 400 feet# 

The surrounding mountains have a maximum height on the West of 3*800 
feet with an average height along the orest line of 2*400 feet* while 
on the East a maximum elevation of 4*400 feet is reached at lit# Hamilton* 

The Coast Bangs (or Santa Crus) mountsira on the West are fcr 
the most part heavily timbered and brush covered, coniferous trees 
largely prevailing# In the Easterly (or Mt# Hamilton) range the 
mountains are more open# with grass and brush cover and some secondary 
timber* mostly oak# 

Climatically the Valley is highly favored* The surrounding 
mountains protect it from the frequency and sweep of the Western winds 
which prevail farther North in their passage through the Golden Gate 
and across the northern Bay and hills into the great interior Valleys# 
The Coast Bange which sots as a barrier and deflector for these ocean 
winds also holds back the coast fogs# In the same maimer that the 
Valley is protected on the West from the winds and fog of the ooeen it 
is also protected on the East by the Mt# Hamilton range, which acts 
as a barrier to the excessive summer heat of the interior valleys# 

While gaarded in its summer allmate by the agencies oited from the 
extremes of either prolonged valley heat or ooast rawness there is a 
moderate but not prolonged sunnier heat, tempered in the main Valley 
by proximity to the open Bay on the North* 
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Thus placed “between the ocean and the great Interior valley of 
the San Joaquin, but protected from the extreme* of heat or cold of 
either* and with the tempering effect of proximity to salt water in 
the sheltered portion of San Francisoo Bay* tbs climate is moderate 
in all its extremes, conducive to pleasant living and work* ideal 
for residence* and one particularly favorable to the deoidnotn eropa 
pxodnoed* 

TBAN3P0BTATI0N AND BUSINESS FACILITIES 

A glance at the general map shows that the Talley has a 
veritable net work of steam and electric railways* The Southern 
Pacific main Coast Line traverses the entire length of the Valley* 
with branoea on the Bast and Vest sides connecting with the Bast Bay 
Cities and transcontinental lines Eastward* and the Santa Crux mountain 
axd coast resorts Westward* 

A branch extension of the Western Pacific is now building 
from Oakland to San Jose* Surburban eleotrlo lines of the Southern 
Pacific oonneot San Jose with the cities of Los Gatos* Saratoga* Los 
Altos and Palo Alto on the West and Worth and Alum Bock Park on the 
Bast* San Jose has an extensive Bystem of surface street electrio 

railways* 

The great volune of business ore&ted by the crops produced 
in the valley guarantees ample rail transportation* and this in turn 
stimulates manufacturing and general business* Numerous manufacturing 
plants are located in the Valley* this phase of its development 
having assumed large proportions* 
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BBSTPffimA.1, A.TTD EDUCATIONAL FACILITIES 




Proximity to the large centere of population in San Francisco 
and the combined East Bay Cities* with the facilities of connecting 
steam and electric railways* and automobile highways of the best type* 
give a suburban character to the region and add to its desirability as 
a place of residence quite apart from its local business aspect* 

Dally commuting from San Jose to San Francisco* with a two hour train 
schedule* ie quite possible and is common from Los Altos and Palo Alto* 
The urban population of the Valley* distributed among numerous cities 
and. terns, is large* but because of the delightful climate* beautiful 
location and unusual local facilities for hone comforts created by 
good roads* telephones and electric light and power* the distribution 
of country population is general and intensive* the acreage properly 
subdivisions being small* Following the general development the resi¬ 
dential development has in large part partaken of the character of a 
large unit suburban community* of whioh San Jose is a center* 

Naturally in such a community the highest type of educational 
facilities may be looked for * and found* The publie school system is 
in keeping With the density and high type of population* and is 
crowned with unusually favorable and aooesslbla University privileges* 
Within the Valley itself* at Palo Alto* is Stanford University and only 
fifty miles away at Berkeley is the University of California* - two of 
the largest and most noted Universities of the land* At Santa Clara 

are located the well known Santa Clara College and University of the 
Pacific* 
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GEHBRA1 aeVELOPMEgT 

The general development of the Valley* from which it hat gained 
ita principal fame and wealth* has been along horticultural lines* 
Primarily noted for its orchards* largely of prunes* the future 
development may be expected to be along the sans proportionate lines 
of distribution* This will imply a constant increase in the orchard 
area* Agricultural and special annual crops will also keep pace 
proportionately* The advantages of irrigation f cr all crops has been 
increasingly realised of recent years* with the result that demand for 
irr igation water has increased in even greater ratio than the planting* 

At some point* which apparently has been reached or pasaed* 
the natural replenishment of the ground waters* from whioh the present 
irrigation supply is principally dram* will fail to adequately meet 
demands upon it* Such a failure will mean arrested new development* 
and reduced returns from existing development* 

Toward the solution of this problem of an adequate irrigation 
water supply the present investigation has been directed* 

EAJOBE OF INVESTIGATION 

Bealixing the necessity of making provision for the future of 
the valley ly the conservation of its water supply active steps were taken 
early in 1920* by various organizations in the Valley, to create a 
representative body for the purpose of studying the situation* Beau It-. 
ing from this movement the Santa Clara Valley Water Conservation Committee 
was formed* with the following personnel} 
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Chss. E. ‘Warren, Prea.,Cupertino, 
Eo K. Clendenning, Sec,, Caapbell, 
J. W, Breton, Morgan Sill, 

E, 0, Billwiller* San Jose, 

Bobert Britton, Morgan Sill, 

V, K. Crothers, Campbell, 

J. K. Burst, Sunnyvale, 

E, A* Hayes, San Jose, 

I, J, Henderson, Campbell, 

A. B, McClay, Evergreen, 


Irwin E, Pomeroy, Santa Clara, 
F, M, Bighter, Campbell, 

F, C, Wilson, Sunnyvale, 

A, P, Marston, Campbell, 

H, C, Hagan, Gilroy, 

Horwood B. Smith., Palo Alto, 

L. Woodard, caapbell, 

J, F, Byxbee, Palo Alto, 

I, D, Was son, Palo Alto, 

A, W. Greathead, San Jose, 


Executive Committee 


Finance Committee 


1* Woodard, F, C, Wilson, E. A, Hayes, L» Woodard, 

Ch»a, E, Warren, Irwin E. Pomeroy, Geo, Bray. 

E. K, Clendenning, W. H. Crothers, 

Geo, Bray. 


Funds were raised by contributions from the Board of Supervisors 


of Santa Clara County, Chamber of Comseree, and private subscriptions. 


Consulting engineers were retained by thB Committee to mahe a 


detailed engineering investigation and report tphn the entire irrigation 


water supply problem of the Talley, This investigation was started in 
August,1920, and has been oarried on continuously slnoe that time. The 
present report is intended to eet forth the results and conclusions of 
that investigation. 

The engineere were instructed by the Committee to study all 
phases of the subject, with particular reference to methods of conservation 
of waste flood waters. The territory to be cover dd was all that portion 
within the principal valleyB of Santa Clara County from the County line 
on the JTorth to Gilroy on the South, 





Tfce Boope of the investigation has included among its 
principal features a detailed am lysis of the rainfall aid runoff of 
the tributary watersheds, storage reservoir surreys and studies* a 
oomplete crop survey, a veil surrey* including delineation of the 
underground water table* a topographical surrey of the valley floor* 
stream measurements to determine rates of grarel absorption* and a 
surrey of the principal stream beds to determins their absorptire 
capacity* 
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OBAPTBB II 


HISTORY ASD GENKRAI. DBTBhQPMEHE OF THE TALLEY 


BTg'P'PT.wreT'T nv VATJL'EV 


The settlement about 150 years ago of Santa Clara Talley and. its 
isportant cities of San Joae t Santa Clara, and Gilroy, forms one of tbs 
most interesting and romantio chapters of the early history of California* 
The Talley was discovered on November 2, 1769, hy Spaniards, 
under the command of Captain Gagpar da Portola* The Mission of Santa 
Clara was founded January 12, 1777, under instructions from Father junipero 
Serra* The civil settlement of the Pueblo de San Jose was founded on 
the 29th of November, 1777, being the first pueblo or town in California* 

In these early days the Talley was a beautiful park, dotted with magnificent 
oaks and abounding in wild game* Foreigners began to penetrate into the 
Talley in 1814, one of the earliest being John Gilroy, who founded the 
town hearing his name, and who is claimed to have been the first permanent 
foreign settler in the State of California* 

From the view point of the present report, it is interestiig 
to note that the Bite of the Santa Clara Mission, as well as the pueblo de 
San Jose was repeatedly changed because of destructive floods from the 
Guadalupe River* The growth in population of San Joee and of the Talley 
was for a time exceedingly alow until in 1846 control passed into the hands 
of the Americana under Colonel Fremont. The first legislature of the 
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hot State of California convened, in Saa Jose, December 15* 1849, 
and during the latter half of the last century the growth of Saa 
Jose and the surrounding Santa Clara Taller has been rapid and 
continuous, 

GBOffTH IS POPPIATTnu 

At the begi nn i ng of the 19th Century the population of 
Saa Joes was given as 170, in 1831 it was 524, The real 
substantial growth of the City and Valley began about 1850. 

During the last 50 years from 1870 to 1920, the population 
of the county has increased from about 26,000 to about 101,000, or 
about 290 peroent. The City of San Jo ss increased from about 
9000 to nearly 40,000, or about 345 percent. 

On Plate 3 is shown the growth in population as taten from 
the DoS, Census Becorda for the 30 year period from J890 to 1920 for 
the oounty, and for the cities of San Jose, Santa Clara, palo Alto, 
Ins Catos, Oilroy and Mountain View, It will be seen that during 
this 30-year period the inoreaae in the oounty has been from about 
48,000 to about 101,000, or about 110 percent. It is interesting 
to note that daring this period of great orchard development, ths 
increase in the urban population of the incorporated towns in the 
Valley, including San Jose, Santa Clara, Palo Alto, Los Gatos, 
Mountain View, Gilroy, Alviso, Morgan Hill, Sunnyvale, and MayfleM, 
was from about 27,000 to about 62,000, or about 130 percent, and 
the inoreaae in the remainder or rural portion of the county was from 
21,000 to 38,000, or about 81 percent. 























































DISTBIOT POPPL&riOT 


Approximate estimates have teen made of population and. 
'valuation within the portion of the oounty inoluded in the boundaries 
of the proposed irrigation district ef about 157*550 aorea* These 
estimates indicate roughly that about 80 % of the population, and 
90 % of the valuation of the entire oounty is in the proposed district* 

In the past SO years the urban population of the proposed District has 
increased from about 23*000 to about 57*000* or about 148^ and the 
rural population from about 16*000 to about 35*000* or about 119^* In 
1890* 41^ of the District*! population was classified as rural* this 
proportion having decreased to 38^ in 1920* largely due to the rapid 
growth of the town of Palo Alto* Estimating on the basis of a total 
agricultural area in the District of 141*419 aorea, and average sise of 
familty per holding of agricultural land or per "ranch" of four* then in 
1890 the average holding would have been about 35 acres* and in 1920* 
about 16 acres* 

In the orohard section to be inoluded in the development work 
proposed in this report* tbe rural population quite generally enjoys most 
of the advantages of urban residenoe. Including excellent roads through* 
out all seasons of the year* together with interurhsn and electric 
railroads* interurban telephone eervioe, and free delivery of mail and 
of retail goods* 

These unusual refinements and comforts of rural life have quite 
likely been the determining factor in successfully oonteract ing the 
oountrjMside tendency toward rapid increase of urban population* Were 


it not for the inclusion of Palo Alto* which haa shown abnormal growth 
during the last 20 years because of its educational advantages* and its 
use as a San Francisco residence suburb, the relative proportions of 
rural and urban population in the Distriot would have been almost 
exactly stationary for the last 30 years* 

The statistics given indioate a very normal and healthy 
growth sure to oontinue steadily for many years, and also indioate that 
the bulk of the future development in the population of the county* 
especially its rural population* will be within tbs boundaries of the 
pr opo sed Di str let • 

SBOWTH Hr VAEJATIOK 

assessed vaicatiohs 

Land values are subject to wide variation* and in general can 
be studied best by compilations of the oounty assessments* Such 
assessments are shown on Plate 4 for the last 20-year period from 1900 
to 1920* During that period the total assessed valuation in the 
comity has inoreased from about §51*000*000 to about §93*000*000* or 
about 84^* During the seme period the total assessed valuation of 
the state haa increased from $1, 200*000*000 to about § 4 * 600 * 000*000* 
or about 285$, The urban portion of the oounty included in the 
incorporated towns has inoreased from §19*842*000 to §42*664*000* or 
about 115$, and the remainder or rural portion from §30*869*000 to 
§50,476,000, or about 63/6* Corresponding figures for property within 
the proposed District sheer an increase in valuation in the last 20 yeare 
from about §46,000,000 to about §85,000,000, or about 85$* The urban 

portion of the District has inoreased from about §18,000,000 to about 
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$40*000,000, or about 122$, and the rural portion from about $28,000,000 
to about $45,000,000, or about £1$, In 1900 the rural portion of 
the District composed about £1% of its total valuation, in 1910, 53$, 
and in 1920, 53$, 

Prevailing high prices during thB war and the continued 
productiveness of the soil, has caused land valuations probably as high 
as anywhere in the country, and it is not now uncommon for bearing 
orchards of prunes and apricots to sell as high as $2000 per acre, 
and bare land suitable for orchards, from $400 to $£00 per aose, There 
seems no probability of these values being appreciably reduced providing 
productiveness of the orchards does not decline beoanse of the depletion 
of the water supply, 

MARKET YA3PATI0K 

The proposed District includes appr Axlmate 2y 90$ of the total 
county valuation. If assessed valuations be assumed to represent 60$ 
of true martet values, then by comparison with the preoedlng population 
atudles, and the following land class 1 float ions, it can be shown that 
the market values of assessed property in thB District averaged $1500 
per capita, in 1900, and $1530 in 1920, or about $£000 per family of 
four; also that the average value of rural property in 1900 wae $542 per 
aore, and in 1920, $1000 per acre. It is doubtful if anywhere else 
in the country can be found so extensive an agricultural area with such 
high average valuations and large per capita holdings. 
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CHOP SgBjjjY 

During the course of the present investigation, a careful 
detailed field survey baa been made of the entire area included within 
the boundary lines of the proposed Irrigation aid. Water Conservation 
Diatr ict of 157*550 acres* Wo attempt will be made to reproduce the 
detailed map compiled from thin survey, but the original of the map is 
on file with the records of the Water Conservation Committee* The 
agricultural areas with a gross acreage of 141,419 acree were classified 
according to the general crops raised, and the non~agrioultural areas 
were farther classified as shown* In order to obtain accurate data 
for the areas now using water, the agricultural areas were farther 
classified into irrigated lead, and into non-irrigated but irrigable land, 
aid into an area arbitrarily segregated out of the irrigable and irrigated 
lends and assumed to average 10$£ thereof, such area being set aside for 
roads, buildings, rights of way, drying grounds, eto», but not including 
the areas in cities and tarns which were separately segregated* 

The detailed summaries of tbs crop census by divisions, and the 
total for the proposed district is shown below, the divisions corresponding 
to those recommended for organisation purpo see* 
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TABLE 1, 


PROP Ain? IMP CLASSIFICATION 



IRRIGATED 

N0N-IRB1GATED 

GROSS 

CLASSIFICATION 

NET AREA 

IRRIGABLE 

ROADS,BLDGoETG. 

AREA 


(ACRES) 

NET ABEA(ACBES) 

(ACRES) 

(ACRES) 

PALO ALTO DIVISION 

Orchards 

643 

204 


94 

941 

Truok and Berries 

1221 



136 

1357 

Alfalfa* Sugar Beets* etc* 

396 



44 

440 

Crain and Hay 


2034 


236 

2270 

Total Agricultural Area 

2260 

2238 


610 

5008 

Hi 11a 





87 

Cities and Towns 





1409 

Total Non*Agricultural Area 





1496 

Total Area 

2260 

2238 


510 

6504 

WEST SIDE DIVISION 

Orohards 

36623 

3245 


4651 

46517 

Vineyards 


1261 


140 

1401 

Truck and Berries 

3961 



440 

4401 

Alfalfa* Sugar Beets* etc* 

3609 



401 

4010 

Grain and Hay 


12223 


1404 

13627 

Total Agricultural Area 

46193 

16727 


7056 

69956 

Hills 





1008 

Creeks 





450 

Cities and Towns 





5461 

Total Non*Agricultural Area 





6919 

Total Area 

46193 

16727 


7036 

76875 

COYOTE DIVISION 

Orchards 

12095 

900 


1444 

14439 

Vineyards 


357 


40 

397 

Truok and Berries 

2840 



515 

3155 

Alfalfa, Sugar Beets* etc* 

5539 



616 

6155 

Grain and Hay 


6026 


891 

8917 

Total Agricultural Area 

20474 

9283 


3306 

33063 

Hills 





2668 

Creeks 





9 22 

Cities and Towns 





3275 

Total Non~Agrioultural Area 





6865 

Total Area 

20474 

9283 


3306 

39928 
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TABLEl* •* Con* 


CROP AND LAMP CLASSIFICATION 



IRRIGATED 

NOH-IRBIGATED 


GROSS 

CIASSIFI CAT ION 

NET AREA 

IRRIGABLE ROADS,BLDG. ETC. 

AREA 


(ACRES) 

NET ABEA(ACBES) 

(ACRES) 

(ACBES) 

miipitas division 

Orchards 

350 


39 

369 

Truck and Berries 

1692 


168 

1880 

Alfalfa, Sugar Beets* Eto. 

171 


19 

190 

Grain and Hay 


1723 

191 

1914 


2213 


437 

4373 

Creeks 




43 

Cities and Towns 




9 

Total Non-A&ricultural Area 




52 

Total Area 


1723 

437 

4425 

EVERGREEN DIVISION 

Orchards 

4209 

1503 

635 

6347 

Vineyards 


23 

2 

25 

Truck and Berries 

343 


38 

381 

Alfalfa, Sugar Beets, Etc* 

390 


43 

433 

Grain and Hay 


2864 

325 

3179 

Total Agricultural Area 

4942 

4380 

1043 

10365 

Hills 




77 

Creeks 




15 

Swamps 




250 

Total Non**Agricultural Area 




342 

Total Area 

4942 

4580 

1043 

10707 

MORGAN HILL - GILROY DIVISION 

Orchards 

9022 

733 

1083 

10838 

Vineyards 


1269 

141 

1410 

Truck and Berri es 

526 


58 

584 

Alfalfa, Sugar Beets, Etc* 

412 


46 

458 

Grain and Hay 


4817 

547 

5364 

Total Agricultural Area 

9960 

6819 

1875 

18654 

Hills 




202 

CreekB 




128 

Cities and Towns 




127 

Total Ron-Agricultural Area 




457 

Total Area 

9960 

6819 

1875 

19101 
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TAELS 1. - C 0 n. 

CHOP AID USD CLASSIFICATION 


ENTIBB PISTEICT 



XBBXGATED 

NON-IBBIGAIED 

GBOSS 

CIASSIFICATION 

NET ABEA 


E0AD6,BLDGS.ETC. 

ABEA 


(ACHES) 

NET ABEA(ACBES) 

(ACHES) 

(ACHES) 

Orchards 

64942 

6583 


7946 

79471 

Vineyards 


2910 


323 

3233 

Truck and Berries 

10583 



1175 

11758 

Alfalfa, Sugar Beets* Etc* 

10517 



1169 

11686 

Crain and Hay 


31677 


3594 


Total Agricultural Area 

86042 

41170 


14207 

141419 

Hills 





4042 

Creeks 





1558 

SvaatpB 





250 

Cities and Towns 





10281 

Total Non-Agrionltural Area 





16131 

Total Area 

86042 

41170 


14207 

157550 
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GBOWIB OF OBCSAKD IEDUSTBY 


PBESEET DB7EU0FMWN T 


Santa Clara Valley is pre»emlnently an orchard section easily 
loading all other sections in the country in the growth of deciduous 
fruits, especially of prunes* The county produces one-half or more 
of the total primes groom in the United States* The average yield far 
the last several years is given as about 85 million pounds of dried 
prunes, varying from 45 to ISO million pounds, with 120 million suggested 
as the normal yield* 

Plate 5 shows the growth In orchard acreage for the last 12 
years, 1909 to 1920, inclusive, from data of the United States Census 
Bureau, end of the County Assessor* It indicates that the total acreage 
of hearing trees has very nearly doubled within the last 12 years, in* 
creasing from about 36,000 acres to about 66,000 acres, and the total 
acreage of bearing and non-bearing trees from about 39,000 to 71,000; 
an increase of about 3000 acres per year* The Inorease during the last 
two years has been about 14,000 acres* The acreage classified as non* 
bearing appears to have remained nearly constant at about 5000 acres, 
apparently indicating that there is a considerable acreage taken out or 
replaced each year* A crop census taken in 1913 of the total number of 
fruit trees in tbB county showed that prunes composed 69*6$ of the total; 
peaches 8$; apricots 7*2$; oherrles 4,6$; plums 3*6$; pears 1*8$; miscellanea* 






























FPTggg DE7EIDHCTT 


Th« extent to which farther orchard development is possible 
oen be approximate3y deduced from the preceding crop stannaries* Of 
the total gross area of agricultural land of 141*419 acres, 79*471 
acres, or about 56$ is already in orchard* Of the balance* 35*271 
acres or 25$ is in grain and hay* and presumably could practically a ll 
be set out to orchard* The orchard area is then apparently capable 
of abont a 45$ increase over the present area* If the orchard area 
inoreases at the same average rate as shown on Plate 5; then during 
the next period of about the same length as ehovn on this Plate* or 
eey 11 to 12 years, all of the remaining available land will have been 
planted to orchard* All of the remaining bare land of courae will 
not be planted to orohard* but it is probable that essentially all of 
it will aoon be in either orchard or in other irrigated crops* 

It may be roughly concluded from the above and from the 
deductions of Ghaj*r III, that the present development of the valley 
is such that approximately two-thirds of the maximum demand for water 
has been reached, and that if development is continued in the future 
at the average rate of the past decade* then the maximum dema nd will 
he reached shortly after the end of the next decade* 
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OHAF335R III. 


BETTCLOPMEFr OP TTOIftATICffl 


BEgXimGS OF mi&ATXOS 

The general use of water for irrigating fruit orchards in 
Santa Clara Valley appears to have started Just prior to tBe 'beginning 
of the present century* Prior to this time the prevailing opinion 
had been that irrigation in this locality was an unnecessary expense* 

The year 1898, however, was a particularly dry one, with about 1/2 of 
the nomal rainfall, and was preceded and followed by other subnormal 
rainfall years* Wherever practicable, there was a general resort to 
irr igatioh,and a steady, though not rapid development for the next ten 
years both of surface stream and of well irrigation* Another very dry 
year in 1908 again greatly accelerated the extension of irrigation, es¬ 
pecially from sells* In 1912 it was estimated that about 29$ of the 
agricultural land in the valley was irrigated* In 1920 this had increased 
to 67j$ with 90of all orchards watered, and it is estimated that within 
10 years all the balance of the agricultural lands will be irrigated* 

Of the benefits of orchard irrigation. Dr* Fortier says in the 
1904 Dept* of Agr. Deport on Irrigation in Santa Clara Valley, Pg.80* 

"Previous to the dry period beginning in 1898 a limited area was 
winter—irrigated with, water obtained from the Greets, but the prevail¬ 
ing sentiment was opposed to irrigation* ••«•••« The benefits re¬ 
sulting from a wise use of water in this valley have now, however, 
been clearly demonstrated* Some of the most apparent of these to 
the fruit grower have been the superior quality of the fruit pro¬ 
duced, a greater regularity iu bearing, and, more particularly, a 
large increase in yield*" 
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SOOBCBS OF SUPPLY 


Two entirely distinct sources of supply hare been need for 
irrigation in the Sants Clara Talley v namely the surface streams 
wells drawing on the underground water reservoir® The former has "been 
much more Important in the past than at present, while the latter is 
increasing at an accelerated rate® The underground reservoir formed 
by the porous spaces in the water-bearing gravel or sands underlying 
the orchards is annually replenished in the main by the surface streams. 
The wells through which water is drawn upward fran the gravel reservoir 
to the orchard trees should be considered as an alternate portion of the 
distributing system connecting the streams with orchards; these wells 
being substituted for the surface ditch systems of distribution® The 
surface ditch distribution can be used only when the streams are flowing. 
Ordinarily in January, February and March, and in dry seasons perhaps 
but a very small portion even of these months® The well system of 
distribution on the other hand, while not as cheap or as effioient, 
has the great advantage of drawing directly from the enormous equalising 
reservoir formed by the underlying gravel beds, water being obtainable 
with almost uniform facility at any season of the year® 

GRAVITY IRRIGATION PITCHES 

KATTMTIM IEVELQPMSHT 

The extent of irrigation from gravity ditches diverting water 
from surface streams in the Santa Clara Valley has been relatively snail® 
At the present time the area irrigated in this manner probably amounta 
to less than 3000 seres® Inasmuch as most of the runoff from the 
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streams occurs during & relatively short period during the winter, it is 
necessary for the water to he applied* during the winter and early 
spring* Shis practice of winter irrigation reached its largest de¬ 
velopment about 1904 to 1906, when from 12,000 to 14,000 acres were 
irrigated in this manner, 

POTT AKD GOSS OP WA!PgB 

She depth of water applied, as shown by numerous measurements, 
vsries from about 1*5 to 4 or 5 acre feet per acre gross during the 
period of irrigation. Eeaauraments made by the Department of Agr* in 

1904 on ditoh systems diverting water from the Almaden., Los GatoS and 
Campbell Creeks, showed an average depth of 2*22 feet and an average 
cost per acre foot of $ 2 * 10 , or about one-fourth to one-sixth the cost 
of pimped water. 

Inasmuch as the amount of water diverted depends upon the 
natural stream flow which varies widely, the amount of water oapsible of 
diversion and hence the area irrigated also varies widely in different 
years, being quite small in dry years* In very wet years, with con¬ 
tinuous and heavy winter precipitation, there is also a tendency to 
use less water for irrigation under these surface systems* 

TWpT.TTTO Qg ft* LVTV7 TTOTOSTTOT 

The year 1907 was a year of heavy winter and spring rainfall, 
with a much reduced demand for gravity irrigation. The following year, 
1908, however, was a very dry year, with small and lntezmittent stream 
flow it impossible for the gravity diversions to furnish water 

for m»ob more than one-half of the area previously irrigated, and 
hence many valuable orchards suffered for the want of water* This 
genre rise to the rapid development of wells, which quickly took the 
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place of winter irrigation. Following this dry period there was 
therefore a gradual decrease in the area irrigated under the gravity 
ditch systems, and since that time there has never heen the demand that 
formerly existed, for water from the surface ditches* Many of the 
ditches have deteriorated greatly, and the rights of vay on large portions 
of them have lapsed* Another contributing cause to the decrease in 
the practice of winter irrigation, is said to be the placing of a 
minimum charge on elec trio plants, thus inducing the farmers to use 
their pomps to as great an extent as possible, end thus satisfy all 
their needs for water* Che orchard lata also have found that they 
could secure more beneficial results from irrigation by penping in the 
summer months* There is also the additional factor of uncertainty in 
the occurrence and amount of water available from the surface ditch 
systems, and the frequent necessity of having to take water at inconven¬ 
ient or inopportune times* These censes have all tended to decrease the 
development of irrigation by surface ditches and increase the development 
of irrigation by wells* It will be elsewhere pointed out how this com¬ 
bined effect of the decrease in winter irrigation, and the increase in 
pumping, together with the effect of a series of dry years, has resulted 
in the rapid lowering of the ground water level in districts formerly 
largely supplied by winter irrigation* 


EBCTGIPAX. SOmSS 




The largest development of irrigation ditches has occurred on 

Los 3 at Ob Creek in the vicinity of Campbell, where two ditch companies, 

end one private ditch have constructed ditches whose aggregate length 

was at one time about 25 miles, capable of serving a maximum area of 
about 10,000 acres* There are also irrigation ditohes diverting water 
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from Almaden Creek, Guadalupe Creek, Campbell Creek, Stevens Creek, 
Pemanante Creek, and Penetencia Creek* See Plate 6 for the approximate 
maximum development of the different distribution systems and the points 
of diversion of each* 

The following description of the various Irrigation ditches, 
together with the areas irrigated and the amount of water used, has been 
gathered from all the available published data, including O* E. S- Bull. 
#254, and 0* IS* S* Bull* #158, U* S- Dept* of Agr*, and £rcm information 
furnished by those best informed concerning the various ditch systems* 
S1HK PITCH (Fig. 1) 

The oldest ditch diverting water from the Los Gatos Creek is the 
Kirk Pitch, owhed and operated by association of about twenty-five 
farmers under the name of Kirk Pitch Company* This ditch was built in 
about 1857 with its point Of diversion on the right or easterly bank 
of Los Gatos Creek, about one and one-half miles above the Town of 
Cempbell* It has a maximum capacity of about 40 second feet and 
serves about 1000 acres of land* Zt has the first right to water during 
dry years. However, the actual number of sores irrigated varies from 
-year to year, depending upon the stream flow and has been as small as 
about 400 acres in such years as 1912* 

The Pitch Company sells no water to any lands outside those 
owned by the members of the association* 
fiATPM CLAU A vaixet wateb COMPLY (Pigs* 2 and 3 ) 

The irrigation system of the Santa Clara Valley Water Company 
oonaists of about ten miles of ditches diverting water from Los Gatos 
Creek about one mile above the Town of Canpbell, and about one—half 
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mile above the crossing of the Southern Pscifio (Her? Branch) 

Bail road. The main ditches of this system are known locally as the 
Dnnoan Ditch, with its point of diversion on the right or easterly 
badk (Fig* 3); the Statler Ditch* with its point of diversion on the 
left or westerly bank* and the Upper Demean Ditch (Fig* 2)* with its 
point of diversion also on the left or westerly bank* The original 
appropriation for the East side Done an Ditch was made in 1882* A 
second appropriation was made in 1905* For the first three or four 
years the area Irrigated gradually grew from 100 to 150 acres* reach- 
lag 500 acres in shout five years* In shout 1903 the Santa Clara 
Y&ley Vater Company waa organised and took over the Statler Ditch* 
whose appropriation dated from 1885o Later the upper West side Duncan 
Ditch was constructed to cover higher land on the Vest side of the 
Los Gatos. From 1903 to 1905 there was a rapid growth in the area 
irrigated under these ditches* which reached a max imam of 3500 acres. 

From 1905 to 1908 the area irrigated varied from year to year* depend¬ 
ing upon the rainfall and consequent stream flow* and perhaps averaged 
about 1500 acres! Following the dry years of 1908 and 1910* as above 
discussed* a rapid decline in winter irrigation from these surface ditches 
took place* the area irrigated falling to as low as 150 acres. Subsequent 
to this time and up to the present data* the area irrigated has been 
relatively snail* and large portions of the ditch system have badly 
deteriorated and rights of way hare been forfeited. Daring the present 
year* interest has been somewhat revived due to the depressed level 
of die ground water and the acreage irrigated has been considerably 
increased* Vater is sold by this company at varying rates* averaging 
about 50 cents per pound for a head of 2 to 3 second feet* 
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QBCHABP IHRIGATIOff COMPANY 


Th© irrigation system of the Orchard Irrigation Company consists 
Of two ditches diverting mater from tie Los Gatos Creak: on the left or 
westerly hank at points about one mile and two miles shove the Sown of 
Campbell. Shis development was started by Mr* George Page* of Campbell, 

In about 1901, and ditches were rapidly extended to cover an area of about 
2500 to 3000 aorea* Inasmuch as the water rights for these ditches were 
subject to the prior rights of the other ditches above described, no water 
could be diverted until the needs of the other ditches were satisfied* She 
development of irrigation under this system met with the same fate as the 
other systems In the dry years of 1906 to 1910, there being only about 300 
acres Irrigated in 1909* Since this time very little, if any, land has 
been irrigated under this system. Water was sold under this ditch at the 
rate of 75^ per hour for a head of two and a half cubic feet per second* 
lffAflRQK PTSOH ~ OTTASALTIFE OBEgg 

She Masson Pitch is a privately owned ditch system diverting 
water from Guadalupe Creek at a point on the left or westerly bank, immediately 
below the crossing of the Southern Pacific (New Almaden Branch) Railroad. 

S>ift ditch system covered a maximum area of about 5000 acres, but it normally 
irrigated only about 800 acres per year* She amount of water diverted haa 
been as high as four to five acre feet per acre per year. 

FTomraR 'pitch — Alffl iAimm cheek- 

She Pioneer Pitch System diverted water from Almaden Creek at a 
point on the ri{£ht or easterly bank about ten miles South of San Jose, and 
about one-half mile above the junction of the Almadezusnd Guadalupe Creek. 

She ditches were owned and operated by a co-operative company of farmers 



formed In 1893, and supplied water usually only to members* The 
maximum capacity of the ditch was about twenty-five second feet* It 
was used to irrigate an area varying from about 200 to a of 

about 900 acres* The company was disincorporated in 1909 on account 
of conflicting water rigits, dry years, and growth of pumping plants* 

80H0S1S DITCH — ftfiMPBBU. CTORTT. 

The Sorosia Ditch diverts water from Campbell Creek at a point 
on the right or easterly bank about three miles below the Town of Saratoga* 

It is owned and operated by the Soroels Fruit Company. The original 
appropriation is said to have been made about thirty-five years ago when 
a dam and ditehee were constructed for tha purpose of diverting water* 

She area irrigated under this system gradually increased and reached a maximum 
in about 1906 of 4500 sores* The dry years of 1906 and 1910 restricted the 
water supply and the area irrigated, as in the oase of the other ditches, 
the area decreasing to about 200 acres in 191£. Subsequent to 1912, and up 
to the present time, the area irrigated has varied from year to year, averag¬ 
ing about 500 to 600 acres* After the needs of the SorOBis Company are 
supplied, water is sold to other lands at varying rates averaging about 
50 to 60 cents per hour for a head of about 4 second feet. The amount 
of water used under this system amounts to about two acre feet per acre gross* 
DELMAS DITCH — STEVENS CHBEK (Fig* 4 ] 

This ie a privately owned ditch diverting water from Stevens Creek 
at a point on the right or easterly bank about midway between Homestead Bo ad 
Fremont Avenue* The diversion dam (Fig* 4) and ditch were constructed 
in about 1904, a* ** served a maximum area of about 1000 acres* The ditch 
v» a * & capacity of about 35 second feet* The operation of this ditch 

system was very successful for a few years, but its service deolined with 
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dry years till at the present time there are only about 200 or 300 
acres being irrigated. 
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pintMAi ra wiE cmcror - 


She finerson ditch is privately owned and irrigates about 50 
acres* This di tch diverts water fran Pezmanente Creek at a point about 
one-half mile below Fremont Scad. The diversion works were constructed 
about 17 years ago. Water is diverted almost continuously during periods 
of stream flow and is allowed to ran freely over the orchard tract where 
it quickly sinks into the ground. The amount of water diverted varies 
greatly t and may amount to six acre feet per acre or more during the 
years when water is available. X large portion of the water passes 
immediately to the underground water-bearing levels* thus greatly 
benefittlng adjacent wells* 

PEBSTBITOH CHEEK DITCHES 

There are several small dams along Penetencia Creek diverting 
water to a relatively small acreage bordering the creek. Ho data is 
available in regard to the acreage irrigated or the amount of water used* 
but it is estimated that a maximum area of about 500 acres has been 
irrigated at the rate of about 2 acre feet per acre. 
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fl™MARV f jg GRAVITY IHRIfifTTCE 


Ths following Table #2 gives a summary of the estimated acreage 
served "by gravity ditches in Santa Clara Talley from 1903 to 1920* inclusive, 
together with the total amounts of water used eaah year* Much of the data 
is compiled or estimated from fragmentary or doubtful records, and no great 
accuracy is claimed* The maadmfa use of these ditches was in 1906, and they 
have since declined till the area served is now about one-fifth of the 
maximum, and less than one—half of the average for the pest 16 years* 

TABUS 2, 



i Los 

■n —i — EgBiMfisaag 

: Santa Crux : 


sPeniten. 

: Grand 

3 


: Gatos 

: Mt.Str. 

: Aimeden 

Total 

:Crk. & 

: Total 


TEAS 

i 

Ireek 

t S.of Los: Guadalupe: West Side 

: Other 3. 

: for 



: Pitches 

t Gatos 

s Creeks t Division 

sSide Strsi District 



Ao» 


* Ac. 



; Aft. 

t Ac. 

Ac. ft. 


1903 

4,500 

10,150 

3,060 

1,700 . 9,250 

20,800 

S 

350 

9,600 

21,600 


1904 

6,900 

13,300 

3,560 

1,800 1 11,250 

25,300 

480 

11,730 

26,400 


1906 

6,200 

13,950 

4,800 

1,700 12,700 

28,600 

600 

13,200 

29,700 


1906 

6,200 

13,960 

5,550 

1,900 13,650 

30,700 

500 

14,150 

31,900 


1907 

1,200 

2,700 

1,350 

600 3,150 

7,080 

100 

3,250 

7,300 


1908 

3,200 

7,200 

2,850 

1,600 7,650 

17,200 

260. 

7,910 

17,800 


1909 

3,000 

6,750 

2,750 

1,600 ~7,350 

16,500 

240 

7,690 

17,100 


1910 

2,300 

6,180 

2,850 

1,600 6,750 

15,200 

180 

6,930 

15,600 


1911 

2,200 

4,950 

2,250 

1,600 6,050 

13,600 

180 

6,230 

14,100 


1912 

570 

1,280 

450 

316 1,336 

3,000 

45 

1,381 

3,110 


1913 

520 

1,170 

650 

100 1,270 

2,850 

40 

1,310 

2,950 


1914 

2,700 

6,070 

1,550 

200 4,450 

10,000 

220 

4,670 

10,500 


1916 

1,750 

3,940 

1,350 

200 3,300 

7,420 

140 

3,440 

7,650 


1916 

1,250 

2,810 

850 

30C 2,400 

5,400 

100 

2,500 

5,630 


1917 

1,600 

3,600 

1,150 

100 2,850 

6,190 

130 

2,980 

6,710 


1918 

1,100 

2,470 

850 

100 2,050 

4,600 

90 

2,140 

4,810 


1919 

1,375 

3,090 

1,070 

100 2,545 

5,730 

no 

2,655 

5,960 


1920 

1,475 

3,320 

1,070 

100 2,645 

5,950 

120 

2,765 

6,230 


TOTALS ft 










47,040 

105,860 

37,990 

15,616 100,646 

226,120 

3,785rl04,431-235,050 


AVGE. 

2,610 

6,880 

2,110 

880 5,550 

12,500 

210 

5,810 

13,050 


* Avge depth of water applied assumed in all oases at 2-1/4 ft* per season* 
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EHEI&ATTON PT1MPIM6 PLAJTS 
SEEEHT ARE DISTRIBPTIOH OP PUMPUSE PLAffPS 

She great bulk of the water now used for irrigation purposes 
in the Santa Clara Talley comes from anall p ump ing plants* The use of 
water for irrigation on a large scale* seems to have started about 1697, 
and continued for the next ten years to increase steadily, but not 
rapidly* at least half of the orchards using winter irrigation from 
stream flow* The season of 1907-1908 was a particularly dry one* with 
insufficient runoff to enable the irrigation from the oreeks of the 
extensive areas previously covered* The orchards tdiich had been 
accustomed to receive winter and spring irrigation from surface ditches, 
suffered particularly* and this combined with widespread under-production 
because of drought, greatly stimulated the growth of irrigation pumping 
plants* so that about this time* particularly in the large orchard 
divisions on the West Side and along the Coyote Talley, the number of 
wells bored for irrigation showed a rapid annual increase* Whenever 
there has been a particularly dry season there has almost always been a 
very great increase in the number of new wells bored for irrigation, 
followed quite frequently by a permanent decrease In the areas desiring 
winter irrigation from surface streams* 

During recent years the use for irrigation of electrically 
driven pumping plants been greatly stimulated by the practice of 
charging a minimum rate per installed Horse Powero The farmer having 
paid this rate in advance oan do considerable irrigation at little 
or no charge for power* Having installed his pumping plait* and paid this 
Tn<n<mrm charge, he is also disinclined to use creek water, preferring to 
use his own equipment at the most favorable* or the most convenient time* 
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The diagrams of Plate 7 show the steady increase in the number 
of pumping plants installed during the last 30 years* These are plotted for 
the entire District, and for each of its main divisions* In the entire 
District at the time the census was taken, 1699 pumping plants were being 
used for irrigation, an average of one for each 93 acres, gross* Of this 
total development, 7-l/j$hae occurred during the decade from 1890 to 1900, 
l2-l/$ from 1900 to 1910, and 73-l/$ during the last decade.Of the 73-1/2J&, 
21/6 has occurred in the last two years, malting an average yearly rate for 
the first eight years of the decade of 6-1/2J&, and for the last two years 
Of 10-1/$. In the Divisions of the District which are most developed 
as orchard sections, the distribution of p u mp ing pleats is very close to 
the average for the entire District. 

The rate of growth, for example, of the large Vest Side Division 
during the last decade is almost exactly equal to the average for the entire 
District, the acreage now served per pimping plant being 91 seres, as com¬ 
pared with the arerage of 93* There are relatively more pumping plants 
in the Palo Alto Division, and fewer in the Gilroy-Horgan-Hill Division, 
and rm^h fewer in the Milpitas Division, '.here except for the extreme 
lower portion, good wells are hard to obtain* 
flOTOHHMENf IOTESTIGATIOHS 

The use of pooped water for irrigation has been investigated 
several times through government agencies* A report was made in 1904 by 
S. kortier. Irrigation Engineer, of the Dept, of Agriculture, (Separate £2, 
of the iM’ir mnl Beport of the Irrigation and Drainage Investigations of the 
U. S. Dept, of Agriculture, 1904) on "Irrigation in Santa Clara Valley, 
California". During the preparation of this report, the cost and duty 

of water WOE determined under 60 pimping plants well distributed through 
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the Valley. The lift of these pumping plants ranged from 19-l/g to 
140 feet, and the discharge from *13 to 2*85 second feet. At that time 
nearly tVo-thirds of the plaits tested were steam plants* and about one- 
third gasoline engine plants* with very few electric motors* The 
character of the pumping plants since that time has radically changed* 
so that now the greater number of plants are operated with electric 
motors or gasoline engines* and moat of the new installations are 
electric* 

The lifts as measured in 1904 have been oarefully studied in the 
following chapter as an index of the drop in the water plane in the last 
16 years* 

Additional investigations regarding the use of pumping plaits 
in Santa Clara Valley were made during the very dry season of 191s* the 
results of which are published in Office of Experiment Stations, II. S. 

Dept* of Agriculture* Bui. $£54. Attention is particularly called in 
this report to"the loss involved in the wasting of from £5 to 80 per cent 
of the creefc water in this salley n 0 

During the preparation of this report* access has el so beat 
obtained to the Original field notes of measurements made by the Irrigation 
Investigations of the Department of Agriculture in 1908-1909* covering 
costs of pumping at that time* and the extent and benefits of irrigation. 
CAPACITY OF HMPUSS PLAJSTTS 

Although the aggregate capacity of all the installed puntping 
plants has not been computed, it seems obvious that they are ample to meet 
the entire District's needs. The average gross acreage served per punping 
plant is 93 acres. The average discharge of the 60 panping plants tested 
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in 1904 was 1.39 seo. ft* If it be assumed that the average capacity 
of the 1700 pumping plants now in nee is only 450 gallons per minute* or 
one sec end foot* or 2 acre feet per day* then they are oapable of covering 
the entire gross area of the District 1-1/4 feet deep in about 58 days. 
COSTS OF PUMPED WAITER 

In the Government investigations of 1904 (Page 91* Sep. #2* 

Annual Be port), estimates were made of the costs of pumped water. The 
average of twenty instances cited was $1*55 per hour for 1*44 sec. ft* 

This was the average price paid by orohardists who bought water from the 
pumping plants of an adjoining orchard* The rates oharged per hour varied 
fran shout $1*00 to $2*50. The average coat to the buyer of water at 
that time (1904) as computed from the above figures was $13*00 per acre 
foot* The actual operating cost when the pumping plants were tested was 
$*066 per ft* acre ft*, or $4*38 per sere fto* the average lift being 66 
feet* Fixed charges were estimated at $5*20 per acre irrigated, this 
increasing the average cost to the owner, to $10*16 per aore, or $9*00 
per acre foot* 

In the government report of 1912, it is stated that in about half 
of the eases observed, the lift was between 70 and 85 feet, and the actual 
operating oosts per aore foot between $4*92 and $8*33. It is also stated 
that mmy orohardists not having their own pumping plants, purchased pumped 
water, sometimes at a cost as much as $20*00 per sere foot* 

Sinoe 1904-1912* operating oosts, as wall as installation costs 
of pump ing machinery, have greatly increased. A careful study of the 
original noteB of the 1904 Government Investigations shows that at that 
time fuel oil in Senta Clara Talley cost from 80^ to 85£ per bbl«* or 
approximately 40$ of lest seascn , s price* Engineers for the operation 



of eteam or gasoline plants were generally being paid $£*50 or $3*00 per 
day, this probably representing from 40$ to 60$ of present prioes for such 
labor. Die till ate cost about 10-1/ hf. per gallon, and probably was about 
the equivalent of the product now sold as gasoline* The bulb: of the 
pumping plants are now operated by electrie motors, and require lees 
attendance than the steam plants in general use in 1904* The oost of 
power, however, particularly if the minimum installed Horse Power charges 
are considered in the years in which but little use is made of the 
pumping plents, would probably be equivalent to the oost of steam power gener¬ 
ated with oil, costing at least $2*00 to •00 per barrel* The cost of 
machinery and of the labor for boring wells and for installing machinery 
will also be d»out two to two end one-half times the oosts of 1904* 

k consideration of all the above data will indicate that present 
operating oosts are at least double those of 1904* The average lift has 
also increased due to receding water levels, particularly in the last 
five years* On the basis of the 1904 figures then, it would seem that 
the average costs to the pump owner, including fixed charges, are probably 
in the neighborhood of $ 20*00 per acre foot, or say $ 26*00 per acre, if 
1-1/4 ft* in depth of water be applied, this being the depth assumed 
in this report as most desirable* 

Water, of course, oosts more to the majority of oichardists who 
purchase water from neighboring pumping plants* Present rates to the 
buyer are from $2o00 to $3*60 per hour. If the average discharge be 
aasxmed as 1 sec* ft*, or 460 gallons per minute (this being the net 
amount that the buyers reoeive after losses in transit from seepage and 
evaporation) and the arerags rate per hour be assumed at $2o50, then the 
average oost per acre foot to the buyer would be $30 o 00, and for 1-1/4 
foot in depth, would be $37*50. The above figures may be materially in- 
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creased ■under unfavorable conditions of small pumping streams* especially 
if transmitted for considerable distances, over porous soils. All of these 
figures may also be indefinitely increased if the water plane continues to 
recede* this recession adding to the operating costs for power* and materially 
impressing the fixed charges because of either increased first cost of in¬ 
stallation or of increased reconstruction costs* for the deepened wells an d 
lowered pumps which would be required. 

KPPEMT AKT) tIFrVELqpMEHT OF IBRIGATlPtf 
IERIGATIOK IEVELGPMEHT TO 1920 

The total amount of water required for the full agricultural de¬ 
velopment of Santa Clara Valley is dependent upon the areas of various 
crops to be served* and upon the assumed duty of water* 

The areas which are now being irrigated have been considered and 
classified according to crops in the previous Chapter 2* A sum ary of 
the land and crop classification indicates a total net irrigated agricultural 
area in 1920 of 86*042 acres* and an additional net irrigable area of 41*170 
acres* or a total net irrigable area of 127*212 aores. In addition* the 
non-agricultural areas classified as swamps, and cities and towns* are using, 
or will eventually require their portion of the available water supply. 

The following Table 3 shows classification of the irrigable* and 
the 1920 irrigated areas in the valley summarized by divisions and by crop 
census classifications. Slightly over two-thirds of the irrigable agricul¬ 
tural lands were served with water in 1920, this two-thirds including 90-1/2/6 
of the orchard area* all of the truck gardening* alfalfa, etc 0 * but none 
of the vineyards* or grain and hay land* The divisions in which there is 
the greatest proportion of developed orchard and truck gardening* also 
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indicate the greatest proportionate development of irrigated demand* 


TABLE 5 . 


CLASSIFICATION OP BET POSSIBLE WATER TTSTM1 ATffliAR 1920 . 



PALO 

WEST 



EVEB 

MQBGAN HILL TOTAL 



IHctTTTV 




■mi 

Orchards 

847 

41,866 

12,996 

360 

5,712 

9,755 

71,525 

Vineyards 

- 

1,261 

367 

- 

23 

1,269 

2,910 

Truck & Berries* 1221 

3,961 

2,840 

1,692 

343 

626 

10,583 

Alfalfa and 
Sugar Beets, 

396 

3,609 

6,639 

171 

390 

412 

10,617 

Grain and Hay, 

2034 

12,223 

8,026 

1,723 

2,854 

4,817 

31,677 

Total Agri¬ 
cultural Area, 

4496 

62,920 

29,767 

3,936 

9,322 

16,779 

127,212 

Cities & Torcns, 

1409 

6,461 

3,276 

9 


127 

/ 

10,281 

Swaznps 


- 


— 

250 ^ - 

250 

Total 

6907 

68,381 

33,032 

3,945 

9,572 

16,906 

137,743 

Agricultural 
Area Irrigated 








1920 . 

2260 

46.193 

20,474 

2.213 

4.942 

9.960 

86,042 

# Irrigated 

1920 . 


7i% 

69 

66 | 

53 

6 % 
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mre m water 

The water requirement* of any irrigated area depend upon a 
great variety of fan tore, such a* soil types, amount and distribution of 
rainfall, winds, temperature, and to a great extent upon the Trtnd of 
crops to be raisede 

j m ? 

Approximately 75Je of the total net irrigated agricultural area 
of the District is in orchard of various hinds* The actual amounts of 
water for orchard irrigation in Santa Clara Talley which will give the 
most beneficial results, will vary widely with the hind of trees, methods 
of cultivation, end especially with the character of the soil and sub-soil, 
and the normal position of the water plane. Much study has been given 
to this Blatter by State and Government authorities, and experimental 
work is now under way under the auspices of the United States Department 
of Agriculture, to determine the amounts of water which will insure the 
greatest yield of orchard crops* 

Measurements of the duty of water under 60 different pumping 
plants well distributed over Santa Clara Talley, were made in 1904* 

(Annual Deport Irrigation and Drainage Investigations, U. S* Dept, of 
Agriculture, Separate #2, Page 89)* The total annual depth of water 
varied from «16 ft* to 4*70 ft®, and averaged for 2272 acres, 1*13 ft*, 
the average lift being 66 feet* 

For the purpose of this report, it will be more or less 
arbitrarily assumed that for the average orchard crop, cultivation 
methods, and soil conditions over the extensive and widely varying area 
included within the proposed District, the duty of water will be 1-1/4 
ft* per year for fo* net areas in orchard* For other irrigated crops, 
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Brush as track gardening* 'berries, alfalfa* sugar beets* etc., the 
total forming less than 1/4 of the irrigated area, it mill he assumed 
that the annuel requirement for water is 2 acre feet per acre. 

UHBUT aura? ; 

Within the District are the incorporated cities of San Jose, 

Palo Alto, Santa Clara* Mayfield, Mountain View, Sunnyvale, and Morgan 
Hill* with a total area* including the outlying suburban territory of 
10*281 acres. The total population in this area is estimated at about 
80*000 v and the total average water consumption at 12 million gallons ' 
per day* or a total of 4400 million gallons* or 13*450 acre feet per 
year. Dividing this aggregate quantity of municipally used water 
by the total urban area of 10*281 acres gives a fairly close estimate 
of the actual duty of water for the gross area in the cities and tonus 
as 1*31 acre feet per acre per year. This estimate is believed to 
be fairly close as actual records of water consumption were obtained 
from the principal water companies supplying the various municipalities. 
The average per capita consumption of 150 gallons is quite normal* and 
the general conclusion has been previously reached in southern California 
that the spread of urban development in orchard territory does not 
necessarily mean a materially increased water requirement. 
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WATER gggBffl ^SSS 

WATER FOB 1920 fiEAfifflT 

A reclassification and snnmaxy of the 1920 water using 
areas combined with the duty of water as above deduced, gives the 
total amount of water which should have been developed and used in 
the District for 1920. The following Table 4 shows that the orchard 
areas should have used 81,200 acre feet, or about 60$ of the total, the 
entire agricultural areas, 123,420 acre feet, or about 90$, and the 
cities and towns, 13,450 acre feet, or about 10$ of the grand total 
of 136,870 acre feet. 


TABKB 4. 

WATER HERDS POE RET AREAS TftATTCT) IK 1920. 


USE 

tvn?.k 

(ACHES! 

assumed 

DOTY 


TOTAL 

WAIEB 

REQUIRED 


Orchards 

64,942 

1,25 ao,ft* 

Pr.Ac. 

81,200 AC.Ft. 

Set Area 

Truck & Berries 

, 10,583 

2,00 *» •* 

ft t! 

21,180 " " 

ff 

It 

Alfalfa, Sugar 
Beets, Etc* 

10,517 

2 o 00 •» " 

It ft 

21,040 M * 

ft 

It 


Total Crops 

86.042 


123.420 " " 

Cities & Towns, 

10,281 

1*31 9 M 

" " 13,450 « " Gross Area 

Total or Average, 

96,323 

1.42 " " 

" " 136,870 " " 
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ULTIMATE WATETC TTRQTT THE MR U 1 !* } 

Time of M aximum Demand : As previously shown, there is a 

total set area of irrigable agricultural land in the proposed District 
of 127,£12 acres, of which there was irrigated in 1920 , 86,042, or 67^2, 
and irrigable but not irrigated, 41,170 acres, or 32^$* 

A government publication (Office of Sxperiment Stations, 
Department of Agriculture, Bulletin 0254, Pg* 23) in 1912, classified 
the total agricultural land in the valley as 148,000 acres, of which 
42*550 acres is given as irrigated; a total of shout 29$* This indicates 
an increase in the percentage of irrigable land which is irrigated, 
during the last 8 years, of from 29$ to 67£$, or a total of 38|$ Increase* 
If the same proportionate percentage increase were continued, the balance 
Of the irrigable land would be irrigated within shout 6 years* This is 
shout half of the time apparently indicated by the studies Of Chapter 2, 
and by Plate 5, as required for the completion of orchard development* 

It is evident that full irrigation demand will not occur until essentially 
all of the remaining agricultural land is in orchard, true* gardening, 
alfalfa or other irrigated crops* 

It is the writer*8 best judgment based on available data, 
that within 10 years the maximum demand for water will be reached and will 
be steadily sustained and practically uniform and that within that 
period essentially all of the total area in the proposed district of 
157,550 acres would use water were it available, with the exception of 
the 10$ deductions in the agricultural areas for roads, buildings, etc*, 
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and the areas classified as hills and creeks. 

Amount nf Maximum Demand: Above the areas within the limits 
of the boundary lines of the District as drawn, there are marginal 
areas which will desire more water than the natural rainfall* For 
the portion of the total District from the Lower George of the Coyote Diver 
northward, aggregating 130,439 acres, it will he assumed that such high 
marginal areas increase the area requiring water by about the same 
assumption will he made for the southern or Morgan Hill-Gilroy Division, 
it being assumed that the water plane in the area south of Gilroy, is 
normally so close to the surface that there will he no demand for 
supplying this area with additional water* 

Aa previously deduced for the entire District (See Sable 3) 
the irrigable area in 1930 was 32££ undeveloped. If the water require¬ 
ment of the proposed District is also 32g$ undeveloped, then the water 
demand will increase within the next decade from the 136,870 acre feet 
of 1920 to a su s tained maximum of about 203,000 acre feet per year* 

If allowance he made for the marginal lands outside the 
District this will he increased to 213,000 acre feet per year. 
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The source of the inter supply of the Santa Clara Valley is 
the drainage, generally designated as "run off", from the slopes or 
watershed of the immediately surrounding mountains. 

All that portion of the valley north of the Upper Gorge of the 
Coyote (nesir Morgan Hill) and comprising about 88% of the total area, 
drains northward into the Bay of SAn Francisco, and is fed by the 
drainage of approximately 67% of tbs tributary watershed. From Morgan 
Hill the slope of the valley is southward to Gilroy, this portion 
containing about 12% of the total valley area and being fed by 13% 
of the total tributary watershed. 

The water entering the valley margins has in the past for 


the most part been allowed to find itB way naturally down the stream 
channels, replenishing annually as far as nature would permit the 
underground water supply, or storage, and the balance not thus stored, 
and made available for use through the agency of pumping plants, has 
escaped. Far many years a small and varying amount of water has been 
diverted by means of surface ditches from some of the streams during 
the period of winter and spring flow. 
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Until quite recently the volume of water thus annually, and 
very irregularly, conserved by nature in this manner has sufficed to 
maintain in a general way the underground water table at a fairly 
constant, or normal, elevation after talcing into account the usual 
seasonal fluctuations* In a situation like the Santa Clara Valley 
this normal level of the water table is a relative matter and the 
standard of measurement as to its "normality** depends upon whether, 
under a given amount of use to support a given development, it maintains 
a constant, though variable, average, with no gradual and persistent 
decline© With each new Btage of development, and its corresponding 
demand for irrigation water, a new and lower level of the water table 
obtains, until that point is reached where under maximum development 
of the land and its reasonable demand for water there is no further 
permanent decline, and not until this stage has been reached, or assured 
within prescribed limits, can stability of the water supply, and the 
development values dependent upon the same, be assured© 

The early reoorda of Santa Clara Valley shea it to have been 
a plentifully watered region, with perenial streams and a water table 
everywhere close to Ihe ground surface. Obtaining water from surface 
wells was a simple matter© For many years during the earlier develop* 
ment of the valley, and up until recent years, the water siqsply from 
welle was abundant and there was no serious lowering of the water table, 
which remained fairly constant under the draft made upon it, indicating 
that the natural replenishment was reasonably adequate. The 
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occasionally recurring years of serious drouth were not particularly 
marked in their effect upon the limited to lane of water pumped from 
underground storaga« Gradually, however, with the increased demand 
for irrigation on existing and n®w orchards, and the great increase 
of annual field erppa, the effect of pumping became more marked upon 
the lowering water table* Artesian wells in the low portion of the 
Talley oe&aed to flow, and where suction pumps were used on the higher 
ground they had to he steadily lowered in pits and eventually give way 
to deep well pumps« 

The dry years of 191&*1913» while no worse than similar years 
in the past, were Tory marked in their effect upon ground water levels, 
and were aevarely felt* With the advent of the world war, and the 
resulting greatly increased demand for products of the soil, culminating 
in the heavy demand years of 1917 to 1920, the draft upon the underground 
water resources of the valley was unprecedented. Coincident with 
this period of heavy planting and crop production, and water demand, 
came the dry years of 1916 and lt20, with practically no recovery of 
the water table from underground water replenishment during the year 1919* 
The domblnation of a permanently increased and increasing demand far 
water with several years of less than normal replenishment, has sharply 
accentuated the drop of the water table and taken it to new and un¬ 
precedented low levels. The point has been reached where the present 
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demand, is in excess of natural underground- replenishment, and* the 

'*'■*.* 

■water table must continue to drop unless irrigation is decreased* 
or the supply of'water inoreased* 

TBIBUTARY WATERSHEDS 

The tributary watersheds of the ■valley are indicated upon 
the accompanying general map* (plate 8) The total area, as computed 
from the maps of the U*S.G*S*, is 576*7 square miles* Of this 
total 497*4 square miles drain into San Francisco Bay, and 79*3 square 
miles drain south toward Gilroy and Monterey Bay* The largest 
single drainage area is that of Coyote Creek, with 193*2 square miles, 
and from this the warioua independent areas range dmnrard in eiae 
to leas than one square mile* The maximum elevation on the eastern 
watershed is reaohed at Mt, Hamilton (4209 ft*} at the head of the 
Coyote Creek drainage area, and on the western watershed at Mt* Loma 
Prieta (3806 ft*) at the head of the Uvas, Ilagas, Alamltos and Los 
Gatos Creeks drainage areas* 

The topography of tbs watersheds is for the most part steep and 
rugged, and well covered with brush and timber* The slopes on tbs west 
are much more densely forested than those on the east, coniferous trees 
largely prevailing* The eastern slopes are more open, with grass and 
brush oowar and scattered tree growth, mostly odk* 

For the purposes of detailed study the total watershed area has 

been segregated into tweaty~elght parts, each havihg a separate drainage 
outlet upon the valley floor* These are shown upon the watershed map* 

(Plate 8) a 

The regional distribution of these areas is shown in the 

72 


following table 5j 
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Table 5 ? 


REGIOHAL DISTRIBOTIOR OF TRIBUTARY WATERSHEDS 


Section 


Tributary Watershed. Percent of 

Square Miles Total 

Baoh_Total_ 


East Side-Milpitas to Lower 
Gorge of Coyote (11 drainage 


areas) 


74.47 

South Side 

Coyote-above upper Gorge 

193.20 


Coyote-below upper Gorge 

25.98 


Alamitos 

32.64 


Guadalupe 

13.62 


Misoel. (2 areas) 

6.83 

272.27 

West Side 

Los Gatos 

43.50 


San Tomas 

5.09 


Campbell 

11.48 


Calabasas 

3.53 


Stevens 

19.75 


Permanente 

7.90 


San Antonio 

7.54 


Madera 

8.38 


San Frencisquito 

39.99 


Miscel. (2 areas) 

3.53 

150.69 

South Side 

UV£3 

29.60 


llagas 

26.40 


Miscel. (valley margins)_ 

23.04 

79.24 

Total ..... 


576.67 



12.9 


47*3 


26.1 


13.7 

100 . 
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B BWRkA Ii 

As a basis for confuting the estimated run-off of water from 
the Watersheds it has been necessary to determine with the greatest degree 
of accuracy possible the average annual rainfall over each separate 
watershed* In order to ascertain the probable average distribution of 
rainfall all available public and private rainfall records were obtained* 
These records have been referred to San Francisco (1849-1920) as the 
primary base station for interpolations and expansions where required* 

Eij^xt secondary base stations were taken within or adjacent to 
the area as follows i- 

Mt. Hamilton (1881-1920), Gilroy (1674-1915), San Jose (1874-1920), 

Los Gatos, (1885-1920), Campbell (1897-1920), Mountain View (1885-1920), 
Permanente (1871-1920), and Calaveras (1674-1920), 

The records of these stations wsre interpolated and expended 

to the San Francisco base by comparing their mean record with the mean of 

San F’rancisoo for a corresponding period of time. 

Upon the mean of the eight seoondary base stations thus 

established, the partial rainfall reoords of all other stations were in 

a similar manner expanded for the 71 year period* From the files of 

the former Bay Cities Water Compamjr there were made available records 

from 93 rain gage stations, observed between the years 1902-1909, on the 

watershed areas of Coyote Creek and the Mt. Hamilton region, and Uvas and 

Llagas Creeks* From misoellaneas public and private sources records 

of varying length were obtained at thirty-one additional stations. The 

following Table 6 gives the observed and estimated rainfall at the base and 

principal subsidiary stations for each year of the 71 year period from 

1849-1920, The rainfall year is taken from Sept, 1st, to August 31st, 
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TABLE 6 


SEASONAL HA INF ALL IN INCHES AT BASE STATIONS 

(Bainfall year from September to Anguat) 

Bain- Gil- Mt. San Loa Camp- Moun- Berman- Gala- San 

fall roy Basil- Jose Gatoa bell tain ante Ter as Fran— 

Tear ton View cieco 

Sept* 

Aug*_ 


1849-50 (29,91) 

50- 51 ( 6,72) 

51- 52 (16.66) 

52- 53 (31.89) 

53- 54 (21.64) 

54- 55 (21,46) 

55- 56 (19.59) 

56- 57 (18.02) 

57- 58 (19.85) 

58- 59 (19.90) 

59- 60 (20.29) 
1860-61 (17.63) 

61- 62 (44.52) 

62- 63 (12.41) 

63- 64 ( 9.30) 

64- 65 (22.15) 

65- 66 (20.72) 

66- 67 (31.55) 

67- 68 (35.09) 

68- 69 (19.29) 

69- 70 (17.46) 
1870-71 (12.77) 

71-72 (27.80) 
73*73 (14.22) 
73-74 (22.26) 
74*75 (15.12) 

75- 76 (31.04) 

76- 77 6.53 

77- 78 28.03 

78- 79 16.76 

79- 80 22.38 

■ 80-81 23.43 

81- 62 14.09 

82- 83 15.19 

83- 84 24.60 

84- 85 14.90 

85- 86 21.29 

86- 87 11.11 

87- 88 16.78 

88- 89 14.44 


(45.31) (22.85) 

(10.19) ( 5.14) 
(25.24) (12,73) 

(48.33) (24.37) 

(32.64) (16.46) 

(32.51) (16.40) 

(29.68) (14.97) 

(27.30) (13.77) 
(30.08) (15.17) 

(30.16) (15.21) 
(30.75) (15.51) 

(26.71) (13.47) 
(67.45) (34.02) 
(18.81) ( 9.49) 
(14.09) ( 7.10) 

(33.51) (16.93) 
(31.39) (15.83) 

(47.71) (24.UJ 

(53.17) (26.81) 

(29.23) (14.74) 
(26.44) (13.33) 

(19.34) ( 9.76) 

(42.12) (21.20) 
(21.55) (10.87) 
(33.73) (17.01) 
(15.66) 7.90 

(38.60) 19.47 

( 9.58) 4.83 

(38.22) 19.28 

(32.51) 16.40 

(27.30) 13.77 

(24.68) 12.45 

29.15 11.75 

37.26 10.59 

56.24 20.08 

44.52 11.27 

31.42 20.66 

24.12 11.35 

30.01 12.15 

21.83 15.71 


(48.39) (23.96) 

(10.88) ( 5.39) 
(26.96) (13.35) 

(51.60) (25.55) 

(34.65) (17.26) 

(34.72) (17.19) 

(31.69) (15.69) 

(29.15) (14.43) 
(32.12) (15.90) 

(32.20) (15.95) 

(32.43) (16.26) 

(28.52) (14.12) 
(72.02) (35.66) 
(20.09) ( 9.95) 
(15.04) ( 7.45) 
(35.84) (17.75) 

(33.52) (16.60) 
(51.05) (25.28) 
(56.78) (28.11) 

(31.21) (15.45) 

(28.23) (13.98) 

(20.66) (10.23) 
(44.98) (22.27) 
(23.01) (11.39) 
(36.02) (17.83) 

(16.73) ( 8.28) 

(41.23) (20,42) 

(10.22) ( 5.07) 
(40.83) (20.22) 

(34.73) (17.20) 

(29.16) (14.44) 
(26.37) (13.06) 

(24.88) (12.32) 

(22.43) (11.11) 

(42.53) (21.06) 
(23.87) (11.82) 

43.06 (21.67) 

24.32 (11.90) 

24.17 (12.74) 

29.87 (16.47) 
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(22.58) (32.75) 
( 5.08) ( 7.59) 

(12.58) (18.82) 
(24.08) (36.02) 
(16.27) (24.33) 
(16.20) (24.24) 
(14.79) (22.12) 

(13.60) (20.35) 
(14.99) (22.42) 
(15.03) (22.48) 
(15.32) (16.31) 

(13.31) (16.69) 

(33.62) 37.73 
( 9.37) 9.38 
( 7.02) 7.56 

(16.73) 10.50 
(15.64) 24.75 
(23.82) 21.38 

(26.50) 34.94 

(14.51) 17.50 

(13.17) 10.87 
( 9.64) 12.94 
(20.00) 35.53 

(10.74) 16.25 
(16.81) 22.94 
( 7.81) 13.72 
(19.26) 35.26 
(4. 78) 8.94 
(19.07) 37.84 

(16.22) 17.50 

(13.62) 28.13 

(12.31) 24.94 

(11.62) 16.69 
(10.47) 18.75 
(19.86) 32.56 
(11.15) 19.25 

16.92 29.80 
10.14 18.31 
12.38 16.46 
16.73 18.27 


(37.40) 

33.10 

( 8.41) 

7.44 

(20.83) 

18.44 

(39.88) 

35.30 

(26.94) 

23.64 

(26.83) 

23.75 

(24.50) 

21.68 

(22.53) 

19.94 

(24.82) 

21.97 

(24.89) 

22.03 

(25.38) 

22.46 

(22.04) 

19.51 

(55.67) 

49.27 

(15.52) 

13.74 

(11.63) 

10.29 

(27.70) 

24.52 

(25.91) 

22.93 

(39.45) 

34.92 

(43.68) 

38.84 

(24.12) 

21.35 

(21.82) 

19.31 

(15.96) 

14.13 

(34.77) 

30.77 

(17.78) 

15.74 

(27.84) 

24.64 

16.28 

20.56 

40.50 

31.21 

12.15 

11.04 

29.02 

35.17 

21.43 

24.46 

27.69 

26.63 

25.03 

29.86 

22.32 

16.14 

21.40 

20.12 

37.26 

32.42 

19.63 

18.12 

31o66 

33.22 

(18.57) 

18.82 

(19.88) 

16.75 

19.87 

23.85 
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fiBARQHAL BAIKFA1L IN INCHES AT BASE STATIONS 
(Bainfall year from Septeniber to August) 


Bain— Gil- 

fall roy 

Year 

Sept. 

Aug. 

Mt. 

Hamil¬ 

ton 

San 

Jose 

loe 

Gatos 

Camp¬ 

bell 

Moun¬ 

tain 

Yiew 

Peroan- 

ente 

Cala¬ 

veras 

San 

Eran- 

cIboo 

89-90 

57.75 

45.16 

30.30 

67.22 

(31.77) 

31.15 

41.14 

45.54 

45.66 

1890-91 

14.84 

24.05 

12.88 

31.97 

(13.51) 

14.00 

22.57 

20.23 

17.66 

91-92 

18.91 

27.49 

16.51 

23.11 

(17.31) 

12.61 

18.58 

25.24 

18.41 

92-95 

24.50 

37.93 

25.17 

56.24 

(26.39) 

27.76 

45.38 

39.20 

21.77 

95-94 

12.91 

35.86 

12.92 

21.25 

(13.55) 

11.94 

20.96 

30.81 

18.45 

94-95 

28.61 

36.60 

23.32 

47.18 

(24.45) 

22.36 

36.80 

38.63 

25.71 

95-96 

25.70 

30.03 

14.44 

35.25 

(15.15) 

13.53 

25.44 

25.82 

21*37 

96-97 

20.82 

31.94 

15.81 

31.72 

(16.58) 

19.34 

23.63 

31.20 

23.31 

97-98 

10.44 

17.66 

6.87 

15.18 

8.20 

7.12 

11.51 

13.37 

9.38 

98-99 

19.44 

25.85 

10.02 

24.93 

13.17 

12.26 

17.81 

20.98 

16.87 

99-00 

14.54 

29.22 

13.89 

24.24 

12.29 

12.26 

18.57 

25.84 

18.47 

1900-01 

25.17 

31.66 

19.86 

41.35 

a .30 

16.52 

26.95 

30.66 

81.17 

01-02 

18.41 

27.57 

12.98 

33.23 

13.91 

11.56 

22.64 

23.27 

18.98 

02-03 

17.48 

30.29 

13.89 

28.98 

15.74 

13.43 

22.45 

24.95 

18.28 

03-04 

18.26 

33.82 

10.72 

29.82 

12.73 

10.58 

20.01 

27.49 

20.67 

04-05 

23.25 

28.50 

17.71 

35.31 

20.50 

17.25 

26.21 

28.72 

23.37 

05-06 

29.42 

38.43 

15.12 

38.13 

17.51 

16.38 

28.32 

26.04 

20.61 

06-07 

28.96 

43.34 

22.71 

43.42 

23.38 

20.86 

35.62 

32.98 

26.00 

07-08 

14.25 

23.92 

11.69 

22.36 

12.46 

14.11 

16.45 

17.34 

17.36 

08-09 

27.81 

37.42 

18.31 

44.75 

18.52 

19.49 

37.44 

(29.96) 

25.54 

09-10 

19.47 

26.06 

14.52 

25.78 

12.51 

14.75 

19.19 

(23.76) 

19.52 

1910-11 

19.41 

33.25 

22.65 

52.53 

21.89 

22.66 

35.46 

28.12 

25.49 

11-12 

13.87 

18.24 

10.58 

19.46 

10.74 

10.78 

14.95 

14.79 

14.06 

12-15 

10.49 

18.04 

6.52 

15.73 

5.47 

6.04 

11.14 

13.21 

12.05 

13-14 

32.96 

35.45 

19.28 

52.78 

19.69 

16.69 

34.64 

23.73 

29.54 

14-15 

21.22 

27.75 

22.30 

36.61 

21.93 

23.96 

33.51 

30.97 

27.40 

15-16 

(21.31) 

29.60 

16.28 

38.53 

17.87 

16.62 

20.24 

19.47 

27.43 

16-17 

(16.52) 

24.46 

12.62 

29.29 

12.58 

10.10 

21.39 

14.07 

15.46 

17-18 (12,25) 

15.66 

9.36 

14.53 

7.39 

8.51 

11.07 

10.17 

11.46 

18-19 

(24.73) 

27.40 

18.90 

34.55 

22.44 

19.10 

27.76 

21.54 

25.65 

19-20 (11.52) 

21.50 

8.80 

20.55 

9.62 

8.73 

15.26 

13.78 

10.45 

Mean 

20.31 

30.77 

15.52 

32.85 

16.27 

15.34 

22.93 

25.40 

22.46 


Note:- Parentheses indicate interpolations from San Efraacisco Base* 
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Based upon the mean of the base stations shosn in the above 
Table 6, available rainfall records have been extended for the 71 year 
period of the San Francisco base at the following subsidiary stations* 
and thoir normal rainfall for that period determined* 


TABLE 7. 

STJBSIDIABY BAINFALL STATIONS ATOP ESTIMATED N0BMA1 RAINFALL 


Name of Station 


Normal Bainfall* 71 yrs* 
Inches 


Mean of Primary Base (S.F.) 

N Secondary Bases 

Palo Alto 

Damsite on Stevens Creek - 
Monte Bello Bidge 
Homestead Boad (MeyerhoIts) 
Crystal Springs Cottage 
Sear8ville lake-Portola 
San Andreas 
Wrists 

New Almaden Sta. 

Voodside 

Pilarcitos 

Berryesaa 

Santa Clara 

Uvas Canyon (Eastman) 

LLagas " (Paradise Valley) 
Coyote #5 
Williams Bes. 

Saratoga 
Howell Bes. 

Qualey 

Tisdale 

Seven Mile 

Morrell 

Bulloofc 

Evergreen 

Coyote 

Morgan Hill 

Agnev 

Alma 

Griffin Bench (Los Altos) 


22.46 

22.44 

19.56 = 

19.83 

40.29 

19.23 

30.56 
30.60 
41.97 
45.09 

22.43 

34.29 

50.84 

15.78 
16.41 1 
34.51 
28.02 ‘ 

30.23 

43.44 
33.69 
41.39 
37.26 

31.23 
22.81 
47.71 
50.68 
17.07 —" 
19.34-' 

23.57 
14.14 
39.66 

21.78 


78 


DISTBIBUTION OF HOBMAL BAIMALX. 


The distribution of the rainfall stations referred to above 
is indicated upon the accompanying general watershed map. (Plate 6) 

Upon this map, based upon the 71 year normal rainfall of the various 
stations, there have been drswn isohyetose lines, or linee of equal 
normal rainfall. Where rainfall stations are lacking these lines 
have been project with relation to existing stations, giving due 
consideration to the influence of the intermediate topography upon 
probable rainfall conditions. 

The normal mean rainfall for each segregated watershed of the 
combined total watershed was determined by dividing the cubical quantity 
of precipitation over any given area (ascertained by planimetering the 
area on the map and seouring mean depth from the isohyetose linee) by 
the area of the watershed. 

The normal rainfall thus obtained for each of the watershed 
areas is shown in the following Table 


T9 



TAftTE fl 


DISTRIBUTED NORMAL RAINFALL 


Watershed. Area Area Normal Rainfall 

Number Name _ Square Miles _ Inches 


1 

Scott 

•95 

21.50 

2 

Calera 

2,40 

22.50 

5 


1.15 

21.00 

4 

Los Coshes 

0.52 

23.00 

5 


.92 

21.00 

6 

Berryeasa 

4,65 

24.40 

7 


1,80 

21.50 

8 

PenitBncia 

23,35 

25.10 

9 


1,93 

21.50 

10 


5,10 

22.00 

11 

Evergreen 

28.70 

19.40 

12 

Coyote 

193.20 

24,82 

12a 

it 

10.75 

16.00 

12b 

n 

5,85 

17.20 

12c 

if 

3.62 

17.50 

I2d 

tv 

9.38 

18.00 

13 

Uva8 

29.80 

38.00 

14 

Lfcagas 

26.40 

27.80 

14a 

- 

12.66 

21.00 

14b 


6,26 

25.00 

14c 


4*08 

20.00 

15 

Alamitos 

32.64 

27.40 

16 

Guadalupe 

» 13.62 

28.70 

17 

Los Gatos 

43.50 

40.70 

18 


3.21 

27.40 

19 

San Tomae 

5*09 

31.60 

20 

Campbell 

11.48 

43.30 

21 

Calabaaas 

3.53 

33.40 

22 


.91 

22.00 

23 

Stevens 

19.75 

40.50 

24 

Permanente 

7.90 

29.80 

25 


2.62 

23.30 

26 

San Antonio 

7.54 

2S.30 

27 

Madera 

8.38 

23.10 

28 

San Frencisoul to 

39.99 

36.70 


576,67 


The normal rainfall over the valley floor proper is as follows %— 

Main Valley, Lower Gorge to Bay 16,47 inches 

Almaden Valley 2l«00 * 

Coyote-Gilroy Valley, lower Gorge to Gilroy 19,72 " 
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DISTRIBUTED AMPil RAINFALL 


Based upon the distributed normal rainfall shown in Table 7 the eeti- 
mated mean annual rainfall in Inches depth for each of the segregated watersheds 
is shown for the 18 year period from 190&.1920 in the following Table 9. 

TIBIE 9. 

DISTRIBUTED MB US A1TOPAL RAINFALL 


Season 

1 

2 

3 

4 

5 

6 

Watershed Number 

7 8 9 10 

11 

12 

13 

14 

1902-3 

20* 

21. 

19.6 

21.4 

19.6 

22.7 

20. 

23.4 

20. 

20.5 

18.1 

23.6 

33.5 

24.6 

3-4 

19o6 

20.5 

19.2 

20.9 

19.1 

22.2 

19.6 

22.9 

19.6 

20. 

17.7 

20.4 

36.8 

27. 

4—5 

23.6 

24.7 

23.1 

25.3 

23.1 

26.8 

23.6 

27.6 

23.6 

24.2 

21.3 

26.6 

41.3 

30.4 

5—6 

25.3 

26.5 

24.7 

27.1 

24.7 

26.7 

25.3 

29.6 

25.3 

25.9 

22. 8 

30.8 

47. 

34*5 

6—7 

50.1 

31.5 

29.4 

32.2 

29.4 

34.2 

30,1 

35.1 

30.1 

30.8 

27.2 

36.4 

50.6 

37. S 

7-8 

16.1 

16.9 

15.7 

17.2 

15.7 

16.3 

16.1 

18.8 

16.1 

16.5 

14.5 

19. 

28.2 

20,7 

8—9 

28. 

29.3 

27.3 

29.9 

27.3 

31.8 

28. 

32.7 

28. 

28.6 

25,3 

31.3 

51. 

37.4 

9-10 

18.7 

19,6 

16.2 

20. 

18.2 

21.2 

16.7 

21.8 

18.7 

19.1 

16.9 

a.e 

33.6 

24.7 

1910-11 

28.5 

29.6 

27.6 

30.2 

27.6 

32.1 

28.3 

33. 

28.3 

28.9 

25.5 

30.9 

45.6 

33.5 

11-12 

13.6 

14.2 

13.3 

14.5 

13.3 

15.4 

13.6 

15.9 

13.6 

13.9 

12.3 

16.1 

24.4 

17.9 

12*13 

10.4 

10.9 

10.1 

11.1 

10.1 

11.8 

10.4 

12.1 

10.4 

10.6 

9.4 

12.6 

19.1 

14. 

15-14 

28.4 

29.8 

27.8 

30.4 

27.8 

32.3 

28.4 

23.2 

28.4 

29.1 

25.7 

33.9 

59.5 

43.6 

14-15 

26.2 

27.4 

25.6 

28. 

25.6 

29.7 

26.2 

30.5 

26.2 

26.8 

25o6 

29.9 

46.3 

33.9 

15-16 

21.5 

22o6 

21. 

23.1 

21. 

24.5 

21.5 

25.2 

21.5 

2 2. 

19.4 

24.6 

38.1 

27.9 

16-17 

16.9 

17.7 

16.5 

16.1 

16.5 

19.2 

16.9 

19.7 

16.9 

17.3 

15.2 

19.3 

29.9 

21.9 

17-18 

10.7 

11.1 

10.4 

11.4 

10.4 

12.1 

10.7 

12.4 

10.7 

10.9 

9.6 

12.'2 

18.8 

13.8 

18-19 

23.5 

24.6 

23. 

25.2 

23. 

26.7 

23.5 

27.5 

23.5 

24.1 

21.2 

26.9 

41.6 

30.5 

1919-20 

13.1 

13.8 

12.8 

14.1 

12.8 

14.9 

13.1 

15.3 

13.1 

13.4 

11.9 

15. 23.2 

17. 


15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

1902-3 

25.5 

26.7 

37.9 

25.5 

29.4 

40.3 

31.1 

20,5 

37.7 

26.6 

a. 7 

30.9 

23.3 

37.3 

3-4 

24.9 

26.1 

37.1 

24.9 

28.8 

39.4 

30.4 

20. 

36.9 

26. 

21.2 

30.2 

22.8 

36.4 

4-5 

30.1 

31.6 

44.8 

30.1 

34.8 

47.6 

36.7 

24.2 

44.5 

31.5 

25.6 

36.5 

27.5 

44. 

5-6 

32.3 

33.8 

47.9 

32• 3 

37.2 

51. 

39.3 

25.9 

47.7 

33.7 

27.4 

39.1 

29.4 

47. 

6-7 

38,4 

40,2 

57, 

38.4 

44,2 

60.6 

46.8 

30.8 

56.7 

40. 

32.6 

46.5 

35. 

56. 

7-8 

20.5 

21.5 

30.5 

20.5 

23.7 

32.5 

25. 

16.5 

30.4 

21.4 

17.5 

24.9 

16.7 

30. 

8-9 

35.7 

37.4 

53. 

35.7 

41.1 

56.4 

43.5 

26.6 

52.7 

37.2 

30.3 

43.2 

32.5 

52.1 

9-10 

23.8 

24.9 

35.4 

23.6 

27.5 

37.6 

29. 

19.1 

35.2 

24.8 

20.2 

28.8 

a.7 

34.7 

1910-11 

36. 

37.7 

53.5 

36. 

41.6 

56.9 

43.9 

28.9 

53,3 

37.6 

30.6 

43.7 

32.9 

52*6 

11-12 

17.3 

18.3 

25.7 

17.3 

20. 

27.4 

21.1 

13.9 

25.6 

16.1 

14.7 

21. 

15.8 

25» 3 

12-13 

13.2 

13.9 

19.6 

13.2 

15.3 

20.9 

16.1 

10.6 

19.5 

13.6 

11.2 

16. 

12.1 

19.3 

13-14 

36.2 

36. 

53.8 

36.2 

41.8 

57.3 

44.2 

29.1 

53.6 

37.8 

30.8 

43.9 

33.1 

52.9 

14-15 

33.3 

34.9 

49.5 

33.3 

36.5 

52.7 

40.6 

26.8 

49.3 

34.6 

28.4 

40.4 

30.4 

48.7 

16-16 

27.5 

28,8 

40.8 

27.5 

31.7 

43.4 

33.5 

22. 

40.6 

28.7 

23.4 

33.3 

25.1 

40.1 

16-17 

21.5 

22.5 

32. 

21.5 

24.8 

34. 

26.2 

17.3 

31.8 

22,5 

18.3 

26.1 

19.6 

31.4 

17-18 

13.6 

14.2 

20.2 

13. £ 

15.7 

21.5 

16.6 

10.9 

20.1 

14.2 

11.5 

16.4 

12.4 

19.8 

18-19 

30. 

31.4 

44.5 

30. 

34.6 

47.4 

36.5 

24,1 

44.3 

31.3 

25.5 

36.3 

27.4 

43.8 

1919-20 

16.8 

17.5 

24.9 

16.6 

19.3 

26.5 

20.4 

13.4 

24.8 

17.5 

14.2 

20.3 

15.3 

24.4 
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BBIATION OF IONS 10 SHORT PERIOD AVERAGES 

The relation of the mean rainfall at San Francisco to the 

mean of the means at the eight base stations is as followst- 

Bate of 

71 yr. period 18 yr. period short to i«ng » 

Period 

San Praneiseo 22.48 20.58 91.5$ 

Eight Base Stations 23.05 21.68 94$ 

The 16 year pedod from 1902-1920 has been used as the 

rainfall period for detailed study for the reasons that it 

corresponds with the period of stream flow measurements on 

Coyote Creek, which drains the principal tributary watershed; 

its mean rainfall is slightly less than for the 71 year period, 

and it includes the two cycles of critically dry years of 191&- 

1913 and 1918-1920. 

SEASONAL DISTRIBUTION 

The seasonal distribution of rainfall 1 b characteristic 
of that of California generally, coming principally between the 
months of October and April inclusive. 

On plate 9 is shown graphically the monthly 
rainfall over the Coyote watershed, obtained by comparing 
its mean annual with the mean annual and monthly rainfall at 
Mt. Hamilton. The Coyote has been selected as typicalo 
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BUHOFF 


SEHKBAL 

Having determined the areas of the various component watersheds* 
and the normal and mean annual rainfall over the same* the next step in 
determining the available water supply for this project is that of 
computing the probable water runoff* 

Available statistics of stream flow are limited and not well 
distributed. 

The Bay Cities Vater Company measured the stream flow of Coyote 
Creek with very great detail and accuracy from 1902 to 1909 and with 
less detail from 1909 to 1914« For the years 1917 to date the stream haa 
been gaged by the U.S.G.S* Uvas Creek was gaged by the Bay Cities Water 
Company in the years 1903 to 1907* and LLagas Creek in the years 1903 to 
1906* From water consumption records* wasteway discharge measurements 
and reservoir evaporation* the runoff of San Francisquito Creek* above 
Searsville lake, has been computed (Herrmann) for the years 1893 to 1918* 

The discharge of Calaveras Creek from 1889 to 1912 has been gaged by the 
Spring Valley later Company* From these gagings we have actual records of 
stream flew on five streams; three in the South Central portion, and 
one each at the extreme North end of the Western and Eastern arms of 
the watershed area. The Calaveras does not drain into any portion of 
the Santa Clara Valley* but its proximity on the East makes its recar d of 
comp&rati ve value. 

It is fortunate that the record is so complete on the Coyote, 
since this drains the entire Southeastern portion, and about one-third of 
the total watershed area* By comparison of the records in years of 

common observation it has been possible to study the performance relation 



between the Coyote, Uvae and Hagas Creeks, and thus form opinions and 
draw conclusions as to the probable reasonable performance of the entire 
Southern portion of the watershed between the points of maximum rainfall 
around loma Prieta and tbe sumnit of the Santa Crux range on the lest, 
and Mt» Hamilton on the East* Deductions tins made possible for the 
Southwestern portion of the watershed have been extended, by a logical 
and reasonable consideration of the influence of topographic and other 
features, along the Western arm of the watershed to join in with the 
performance record of San Fr8ncisquito Creeko On the East similar 
reasoning has extended the performance record of Coyote Creek Horthward 
toward Calaveras* 

CHABACTER 1ST 10 S OF WATEBSHEIS 

The Eastern watershed South to the Coyote (Fig* 6) rises 
abruptly from the valley floor* The hills next the valley ar6 steep, 
mostly grass covered, and cut with small but deep and sharply defined oanons 
andwAter courses* The more protected oanon slopes are heavily brush 
covered, end on the higher levels there is a scattering growth of timber* 
There is a quite unlfoimly distributed soil cover of good depth, particularly 
in the.farming region known as Halls Valley, and on the broad hill tops 
and leas abr'ept slopes of the Eastern half of the area and in the South 
along Dry and Silver Creeks. 

The Coyote drainage area (Fig* 5) is similar in its general 
characteristics to those of the area just described, but generally 
more rugged and inaccessible* There are fewer and small ar valley areas, 
the soil cover Is somewhat lighter, and the brush and timber cover generally 
heavier* 
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view of Eastern 
Watershed from 
Coyote Creek- 
Dpper Gorge 
Dam Site* 
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Watershed 
between Almaden 
and Llagas 
Creeks, from 
Calero Creek 
Dam Site* 
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The general character of the watershed draining the elopes of 
the Coast Bange in the lest differs materially from that on tie Bast* 

Here, except for a narrow margin of rolling soil covered foothills 
adjoining the main valley floor* the slopes rise steeply and uniformly 
to the crest of the Coast Bange, The streams in their sharp descent 
to the valley have cut deep and precipitous canons. From the Uvas 
North to Stevens Creek the watersheds of all the streams are heavily 
brush and timber covered, (Fig* 6.) spruce and redwood timber largely 
predominating on the higher levels, TJvas, Los Gatos, Campbell, 

Stevens and San Franciaqulto Creeks have their origin at the summit and 
drain the entire tr ibutary length of the Coast Bange, The same 
conditions influencing the runoff from the UvaB Creek watershed prevail 
on the other primary drainages of Los Gatos, Campbell and Stevens Creels, 
llagas Creek watershed is typical of those of Alamitos (Fig* 7) and 
Guadalupe Creeks, which may be classed as secondary in the Western group, 
with slightly less average elevation, scantier cover and proportionately 
more of the lower foothill slopes. North of the Stevens Creek drainage 
xx the San Francisquito watershed and the smaller watersheds toward 
the East aid North rapidly taks on the characteristics of the more open 
deeply soil covered slopes of the lower rolling foothills, with extensive 
cultivated areas. Taking into account these features of similarity, 
or of graduated variation, in the topographic and other characteristics 
of the various portions of the general watershed, a probable runoff value 
for each portion has been assigned. 
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METHOD OF ESTIMATING B UNO FT 


Careful consideration Has been given to those methods of 
computing the runoff from a watershed as advanced by students, and 
set forth in the literature, of the subject* 

Wherever actual stream gangings are available direct results 
are obtained without fuather knowledge of the factors entering the 
problem* 3uch direct information, however, is rarely available, and 
is particularly lacking in this study, where the total available water 
supply is contributed by numerous independent -tributary streams* The 
most commonly used method of calculating the probable runoff from a 
watershed is that of the runoff curve* By taking the mean seasonal 
rainfall over one or a number of water ehedB, and the gaged stream 
flow from the same, points may be plotted on 00 -ordinate paper to 
show the relation of any given runoff to its corresponding rainfall* 
Throgh the points thus plotted a mean curve may be drawn to represent 
inches of runoff in terns of inches of rainfall* Due to dissimilarity 
in seasonal storm conditions this curve represents runoff probabilities 
during a long time period, and the actual runoff may vary seasonally, 
over a wide margin* But the long time average will eQu&lise the 
effect of local variations, particularly if the curves are drawn from 
local observations of and for specific matereheds, as in this oase* 

The runoff from streams, based entirely upon the theory of 
probabilities, and without reference to known or estimated rainfall 
over the watershed for any given year, has had close study by 
several writers* 


88 



Tills subject was discussed by Mr, Allen Hasan, H, Am, 

So, 0,Ec, in a paper published in the transactions of the American 
Society of Civil Engineers, Vol, 77 (1914), and further studied 
with reference to California streams and discussed in a paper before 
the American Society of Civil Engineers, by Mr, L, Stan dish Hall, 
jon. Am, So, C,E, Mr, Hall has proposed what he terms an 
"Hydraulic Probability Paper", which "Ban be used in estimating 
the relative wetness and dryness of individual years, in terms of 
the probable absolute wettest and dryest years. By using these 
indices (taken from Probability Paper) of the relative wetness 
and dryness, the probable values of the yearly runoff can be 
estimated for streams for Whioh there are few or no runoff reoar4 b, 
and for as many years as runoff measurements have been taken on 
neighboring drainage areas," 

Another method oarefully analysed and discussed is presented 
by Mr, Adolf F. Meyer, M, Am. So, C,E», in a paper entitled 
"Confuting Bunoff from Balnfall and other Physical Data", and 
published in Trass, Am, Soc, Civil Eng, Vol, 79 (1915), This 
method has for its basis determination of rainfall over the watershed, 
from ylh ich (based upon personal judgment as to physical characteristics 
aid. the application of oertain arbitrary co-efficients) must be 
deducted losses due to absorption, evaporation and plant transpiration. 
After deducting losses due to these factors the residue is the runoff. 
This involves very thorough knowledge and study of topography, soil 
oover, rock formation, temperature and wind movement. 
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Because of the theoretical assumptions involved in the 
last two met tods* which could only result in theoretical deductions 
based upon fundamental data that at hast is limits} and weighted 
judgment upon numerous essential factors upon which information 
is vary inadequate, it has been oonoluded that the method of the 
runoff curve will give the most satisfactory results for this study. 

In determining the runoff ourvea to be used the curves 
prepared by Mr. Edwin Duryea, Jr.* M* Am. Soo. C.E®, based upon 
hie study of the Coyote, Uvas and Llagas Creek watersheds, have been 
adopted. These curves were prepared from the plotting of rainfall 
records for 133 rain gage stations over these watersheds, and the 
careful gaging of the streams for a number of years. The stream 
flow of the Coyote has been gaged every year except 1915 and 1916, 
since 1902, and the Uvas and Llagas for four and three year periods 
respectively. The curves plotted by Mr. Duryea are designated 
as (a), (b), (c), and (d). Modifications of the curves (as means) 
have been used where judgment dictated to suit local conditions. 

These curves are shown on Plate 10. Diagram #1 gives the runoff 
in inches of rainfall, and Diagram #2 the same thing in percent of 
rainfall, with tbe equation for the same. 

Wherever actual stream gag legs are available these have 
been used, and other yearB filled in from the curves. The results 
thus obtained on the Uvas and Llagas have been used as the basis. 
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by direct proportioning of the rainfall, for those watersheds for which 
they are considered as representative, namely; the Uvas for Los Gatos, 
Campbell and Stevens Creeks and the Llagas for Upper Alandtos, Guadalupe 
and Penitentia Creeks* San Franclsquito and Upper Los francos 
Creeks have been given the Hermann rating, determined from gagings 
at Seaxsville lake, which corresponds very closely with curve (a)* 

All other watersheds have been assigned curves varying from (c) dorm 
to (a), dependent upon location and seasonal rainfall conditions* 
Different curves on the same watersheds are selected for different 
years dependent upon the characteristic delivery of the rainfall for 
that year* In this maimer it is believed that the best possible 
advantage has been taken of the extensive local knowledge of actual 
conditions on a few of the principal portions of this area to arrive 
at a graduated and carefully weighted estimate of the runoff from 
the entire watershed* 


Based on the foregoing method of using actual stream 
gagings wharee available, supplemented by runoff cnrves, the runoff 
from the various tributary watersheds has been computed for each year 
from 1902 to 1920* This period has been selected for the reasons stated 
under the discussloa of rainfall, and it is believed to represent a 
period covering years of both maxi mam and normal runoff, and rather 
more than a normal proportion of years of drouth* That this period 


may be contrasted with the longer 71 year period extending back to 
1849 the estimated runoff for the Coyote has been computed for that 
period* and the mass diagram of this runoff plotted* From this dia¬ 
gram (see Plate 65) it will be observed that years of exceptional 
drouth occurred in the following years; 1920* 1918* 1912* 1913* 1877* 

1871* 1864 and 1863* Of these years of very low runoff four out of 
the eigrt have occurred during the last eighteen years* Similar 
cummnlative effects of oyoles of dry years have occurred in 1918-1920, 
1912-1913* 1904—1905, 1899-1900, 1891-1892, 1888-1889, 1882-1883* 

1870-1871, 1863-1864, 

In using the last eighteen year period, therefore* for detenninitg 
the average runoff from these watersheds, as the basis for study of 

conservation of water* it is believed maximum conditions have been 

covered* and that these conditions are fairiy representative of the 

long time normal. 
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TAB IE 10 


ESTIMATED SEASONAL BUNOFF 

_ FROM BASE (REFERENCE) WATERSHEDS _ 

SEASON . Ooyote (12) + { Uvas (15)* : Ilagas (14) + :San Franclsqulto(2$ + 


> 

Sain- 

: Runoff Rain- : 

Bunoff Rain- : 

Bunoff :Rain- 


—1 


:fall 

: : :fall : 

: {fall • 

: {fall 

* 

• 



inches 

: Ac. Ft. t % inches {Ac. Ft. : % inches : 

Ac. Ft. j °]o {inches 

» Ac©FI** 

Hi 



m 

rsi 


{3 J 

(67 


1902-3 

23*6 

83000 34.1 33.5 

22600 42.3 

24.6 

7750 30.6 37.3 

12280 

21.4 



'• U) 

U) 


(1) 



3-4 

20.4 

26500 16.9 36,8 

27860 47.7 

27. 

9320 32.8 36.4 

15060 

26.9 



(1) 

(1) 


(1) 



4-5 

26.6 

32000 11.6 41.3 

21050 32.1 

30.4 

7550 23.7 44 

10200 

15.2 



(1) 

(1) 


(1) 



1905-6 

30.8 

116400 36.7 47. 

42220 57. 

34.5 

16610 46. 47.1 

24600 

34 



U) 

(1) 


(3} 



6-7 

36o4 

202000 54.3 50 

42890 53.3 

37.3. 

18640 47.7 56. 

32700 

36 



(1) 

(2) 


(2) 



7-e 

19. 

47200 24. 28.2 

12370 27.8 

20.7 

4080 19 30. 

9920 

21.6 



(1) 

(3) 


(3) 



8-9 

31o3 

176000 54.7 51. 

54090 67. 

37.4 

18750 47.8 52.1 

31530 

39.4 



U) 

(3) 


(3) 



1909-10 

21.6 

51500 22.8 33.6 

22530 42.5 

24.7 

7750 30. 34.7 

10490 

19,6 



(1) 

(3) 


(3) 



10-11 

30.9 

126300 39.8 *5.6 

42830 59.3 

33.5 

14870 42.3 52.6 

31400 

38.6 



(1) 

(2) 


(2) 



11-12 

16.1 

6390 3.85 24,4 

9040 23.3 

17.9 

2930 15.5 25.3 

8200 

33.2 

12-13 


(1) 

(5) 


(5) 



12.6 

3845 2.97 19.1 

3330 11.1 

14. 

900 6. 19.3 

1010 

3.6 

13-14 


(1) 

(2) 


(2) 



33.9 

189000 54.2 59,5 

62100 65.3 

43.6 

21160 46.3 52.9 

26710 

32.9 

1914-15 


(4) 

(3) 


(3) 


29.9 

138000 44.6 46.3 

44100 60.5 

33.9 

15110 42.8 48.7 

20600 

27.5 

15-16 


(4) 

(3) 


(3) 


24.6 

92000 36.2 38,1 

29359 48.6 

27.9 

9990 34.5 40.1 

29790 

46,4 

16-17 


(1) 

(3) 


(3) 



19.3 

69900 34.4 29.9 

17770 37,4 

21.9 

5970 26.1 31.4 

10930 

22.6 

17-18 


(1) 

(2) 


(2) 


12.2 

12270 9.8 18.8 

4960 16.6 

13.8 

1540 10.5 19.8 

2540 

8.6 



(1) 

(2) 


(2) 


18-19 

26.9 

50440 16.7 41.6 

(1) 

25100 44. 

30.5 

9400 30.6 43.8 

17200 

25.5 

1919-20 

15.0 

14130 9.1 23.2 

5550 15.2 

17.0 

1570 9. 24.4 

3685 

10. 

Mean 

24.8 80380 24.3 38. 

(1) Gaged 

27440 45.5 

27.8 

9660 32.2 36.7 

16600 

29.6 


(2) Curve {c) 

(3) Mean of curves (c) and (d) 

(4) Curve (d) 

(5) Curve (b) 

(6) Herrmann rating for Seareville lake 

+ Bunoff for Coyote, Uvas and llagas only for that portion of watersheds 
aheve reservoirs. San Franciscuito runoff for that portion of watershed above proposed 
Stanford Dam #3 just above junction with Los Trancos. 

W 
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The foregoing table for the main reference watersheds serves 
to show the seasonal variation of runoff* Similar computations 
and tables, based on the 18 year mean rainfall given in Table 7, have 
been prepared for each of the other watersheds* For greater detail 
such studies have also been made on additional sub-divisions of certain 
of the watersheds, where there were great variations in rainfall and 
runoff conditions, namely; Alamitos, Guadalupe, Stevens, Permanente, 

San Antonio, Madera and San Francisquito-Ios Tran go a Creeks* Plates 
11 to 22, inclusive, show graphically the seasonal and cummulative runoff 
for the principal valley streams for the 18 year period* The 
following Table 11 shows a general summary of the average runoff for 
all of the watersheds, including the basic data for the same* Farther 


detail as to maximum, minimal and average runoff is given in Table 15* 


TABIS 11 . 

STMMA.BY OF AVERAGE RUNOFF FROM ALL WATERSHEDS FOB 
18 YEAR PEBIOD 


Watershed 


NO* 

IT erne 

Bain 

Bunoff 

Av. Seasonal Bunoff 



Inches 

Curve Used 

Ac* Ft* 

1 

Scott 

21.5 

b 

155 

2 

Calera 

22*5 

c 

625 

3 


21. 

b 

175 

4 

Lo s Coches 

25. 

c 

960 

5 


21. 

b 

140 

6 

Berryessa 

24,4 

0 

1450 

7 


21.5 

b 

290 

8 

penitencia 

25*1 

Llagas 

9920 

9 


21.5 

b 

310 

10 


22. 

b 

870 

11 

Evergreen 

19*4 

b 

3470 

12 

Coyote 

24.82 


80380 

12 a4 

If 

18. 

b 

2045 

12b 

fl 

17.2 

b 

520 

12c 

91 

17.5 

b 

335 

IS 

Uvaa 

58. 


27440 

14 

Llagas 





Upper 

27.8 


9660 


lower 

23.5 


1370 


015 Forward ..... 140115 
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TAB IE 11 . - Con. 

SUMMARY OF AVERAGE BUNOFF FBCM ALL WATEB SHEDS FOB 

IB YEAS PEBIOD 

Watershed 


NO. 

Name 

Bain 

Bunoff 

Av. Seasonal Bunoff 

14a 


Inches 

Br 

21. 

Curve Used 

. Forward .. 
b 

Ac. Ft. 

... 140115 

1930 

14b 


25. 

b 

1480 

14c 


20. 

b 

550 

15 

Alamitos 

Upper 

35.6 

Iiagas 

6360 


lower 

23.4 

c 

4395 


C&lero 

24.1 

c 

2205 

16 

. Guadalupe 

Upper 

32.8 

llagas 

3240 


lower 

25.8 

Llagaa 

3570 

17 

Los Gatos 

40.7 

UTOS 

42330 

18 


27.4 

b 

950 

19 

San Tomas 

31.6 

b 

2100 

20 

Cangpbell 

43.3 

Uvas 

11880 

21 

Calabazas 

33.4 

b 

1650 

22 


22. 

b 

155 

23 

Stevens 

Upper 

42.4 

Uvas 

17580 


Lower 

26.6 

b 

1530 

24 

Permanente 

S. Pork 

33.5 

b 

1560 


N. Fork 

28.6 

b 

1075 


lower 

23.3 

a 

150 

25 


23o 3 

a 

315 

26 

San Antonio 

Upper 

33.2 

b 

1305 


Lower 

24.2 

a 

440 

27 

Madera 

Upper-N. Fork 

25. 

a 

510 


lower-S. Fork 

21.6 

a 

575 

28 

San Francisquito 

Upper 

40. 

Herrmann 

16600 


Lower 

24.2 

a 

785 


Upper Loe Trancos 

32.8 

Herrmann 

2570 


267905 


A congiilation from the foregoing tabulation of the runoff from 
the various 'watersheds shows the following regional distribution. 
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PLATE 18 
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TABLE 12. 


DISTRIBUTION OF AVERAGE ANNUAL RUNOFF (18TEAR PERIOD) 



Mean Sea¬ 

% of Total 

% of Total 

% of Total 


sonal Run¬ 

entering 

entering 

entering 


off 18 yr. 

Valley North 

Valley South entire 


Period 

of Upper Gorge 

of Upper Gorge 

Valley 

SECTION 

Ao.Ft. 

of Coyote 

of (Soyote 


Main Valley North of Upper Gorge 
of Coyote, tributary to S.F, Bey 




East Side - Milpitas to Lover 
Gorge of Coyote (Areas 1-11) 

18365 

8,13 


6.66 



8.13 



South Side 





Coyote-Above Upper Gorge(12) 80380 

35,52 


30.02 

" -Belov " (I2a,b,ej 2665 

1.13 


.96 

Alemltos (15) 

12960 

5.76 


4.84 

Guadalupe (16) 

6810 

3.02 


2.54 

Miaeel. (120,18) 

1285 

.57 


.48 



46.00 



Vest Side 





Loe Gatos (17) 

42330 

18.75 


15.61 

San Tomaa (19) 

2100 

.94 


.78 

Caspbell (20) 

11880 

5.26 


4.43 

Calabasaa (21) 

1650 

.73 


• 61 

Stevens (23) 

19110 

8.45 


7.14 

permanente (24) 

2785 

1.28 


1.07 

San Antonio (26) 

1745 

.90 


• 65 

Madera (27) 

1085 

.46 


.40 

San Franc!squito—Los Trancoa 




(28) 

19955 

8.87 


7.46 

Miscel, (22,25) 

470 

.21 


.17 

Total North of Upper Gorge 

225475 

45.87 





100.00 



Valley South of Upper Gorge of Ooyotei 




Uvae (13) 

27440 


64.89 

10.25 

LLegas (14) 

11030 


25.74 

4.06 

Miaoel. (14a,b,c) 

3960 


9.37 

1.47 

Total South of Upper Gorge 

42430 


100.00 


Grand Total For Valley 

267905 



100.00 
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AVAILABLE Rtmop 


e .o 


The annual distribution of the average runoff covers a 
very wide range* The maximum for the 18 year period waa reached in 1906-7 
with 642,405 ao. ft*, and the minimum in 1912-13 with 24,426 ao. ft* for 
the entire Valley. That portion for the Main Valley Sorth of the 
Lower Gorge was 468,285ac. ft, maximum, and 19,280 ac. ft. minimum. It 
therefore appears that the total maximum seasonal runoff is 22 times the 
minimum, and the average is only about one half the maximum and eleven 
times the minimum. The seasonal distribution is also very uneven, but 
typioally Californian* An analysis of the gauged Coyote runoff over a 
period of eleven years shows an average of 81.8$ of the total runoff 
occurred during the three months of January, February and March, and 
95*5$ during the months from December to April, inclusive* 

It is reasonable to assume from actual observation and conmon 
knowledge of coincident stream flow, that the Coyote is typioal in this respect 
of the other streams entering the Valley* 

Because of this great annual variation in the runoff, and the 

t 

fact that approximately 95$ of this occurs during the winter months when 
there is little or no irrigation, it follows that there must be a very great 
waste of water and loss frcm beneficial use, as long as the streams are 
uncontrolled by storage in a: j ? form. At the present time only that water 
diverted in small part by surface ditches during spring flow of the streams, 
or that ?&ich finds its way to the underground gravels, and is later made 
available by pump s, is put to beneficial use, and the balance escapes to 
the sea. This situation, and its vital effect upon the future of the Santa 
Clara Velley, was recognised by Judge Welch in his decision in the case of 
H&yes-Chynoweth Co* vs. Bay Cities Water Co., in which he says, "The land 
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end householder from Palo Alto to Gilroy will he affected beneficially or 
detrimentally according to whether the judgment of this Court will permit 
the imoense volume of storm waters of the Coyote to he conserved and put 
to a beneficial, needed use, or decides that these waters shall run to waste 
and he lost in the sea*** After specifying in detail the method of water 
replenishment of the Coyote gravels, the Court provides for utilization of 
waste flood waters by storage for the benefit of the Valley at large. In 
view of the bearing of this decision upon the question of available surplus 
Coyote storm waters for general use in the Vd ley, this ruling of the 
Court will be referred to in detail later under discussion of b torage 
conservation* What is said of the Coyote applies in hind, but in varying 
degree to every stream entering the Valley. 


HAJURAL ugraRfpflnwn water supply 

GRAVEL BEDS 

Underlying the agricultural areas of Santa Clara Valley are 
Irregular and frequently discontinuous bodies of gravel, sand, and silt 
deposited by the wandering courses of the various streams draining the 
surrounding mountains. Between the gravel, stones, grains of sand, and 
particles of silt or clay, are irregular void spaces, aggregating from 
10 to 50$ of the total volume. A portion of the resulting porosity 
is available as storage and channel space far underground water, aid 
it is from underground water bodies created in this manner that the well 
supply of the Valley used for irr igation is drawn. This underground water 
supply should be considered partly ae a vast reservoir under-lying the 
entire valley, and partly ae a very slowly sad irregularly moving body of 
water generally flowing northerly or northwesterly towards Can Francisco 
Bey (See Plate 23). Compilation and study of the logs of 546 wells 
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distributed as uniformly as possible throughout the Talley, shows a 
general gravel formation, sloping more or leas uniformly downward toward 
the Bay* and overlaid as it approeehes the Bay with banks of Olay of 
increasing thickness, (See Plates £4 and 25), The gravel beds are 
more or less discontinuous and are very irregular both in thickness end 
in shape, being separated by irregular strata of clay, silt, sand, etc. 
AVAILABLE! POBPSITY 

In an underground water reservoir such as that underlying Santa 
Clara TaL ley, the amount of water which can be recovered by lowering the 
water plane any given amount varies directly with the available porosity 
of the water-bearing materials. The total porOBity of any ao il or gravel 
formation is the ratio between the aggregate void apace and the total 
volume of the material. This ratio may ordinarily very In nature fran 
about 10$ to 50$ or more. It depends chiefly upon the relative sizes of 
different grains composing the material. If these are well sorted, 
the void spaces between the larger graihs will be near ly filled with 
'smaller grains which in turn will be separated by still smaller grains 
and the resultant total porosity will be small. This is 39 1 to be the 
case, with material deposited by running streams in mideourse, or at moder¬ 
ate velocities* Katerial with uniform size grains such as fine clay 
deposited under water will have large total porosity frequently as high 
as 50$, but will pexmanently retain most of its water content. The 
"available porosity" of such materisl or the amounts of water that is is 
capable of alternately absorbing and relinquishing to pumps is quite 
small, 

A vast amount of scientific investigation is available on forma¬ 
tions similar to Santa Clara Talley, including very intensive studies in 
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Livermore Valley and in Southern California* and a study of "Ground 
Water for Irrigation in the Morgan Hill Area by 0. W. Clark, 1917, 

(Water Supply Paper, 400-S, of the C. s. Geological Survey). Shis report 
is an authoritative study of an important and a representative portion 
of the proposed Irrigation District, and after careful review, the 
present analysis of available porosity in Santa Clara Valley underground 
water bodies is based on the methods outlined in the Government Beport. 

On Page 82 of this report is the following! 


"The vital question in this connection is not so much the total 
porosity of the materials and the total quantity of ground water 
present as the quantity of water that these naterials will yield 
under a pump. Different materials by no means give tp water to a 
p ump in the proportion of the total water they contain. Fine materials 
ere usually better sorted than coarser materials, and therefore when 
saturated they may contain even more water than the coarser materials, 
but they permanently retain a large percentage of this water, whereas 
the coarser materials readily part with a large percentage of their 
water content. She fine materials are therefore of comparatively 
little value as water producers and the coarse materials are the 
important water-bearing formations." 

In order to est imate the available porosity of the water-bear ing 
materials of the large West Side Division of the District, the logs of 
62 wells were selected from among 360 which had been collected. These 
52 wellB were as uniformly distributed over the West Side Division as 
possible, and are believed to be representative. The top material 
was rejected as not lying within the range of well fluctuations. There 
remained a total of 8,398 lineal feet of well logs, or an sverage of 
about 160 feet per well. The material was grouped under three main 
headings. Gravel and Sand, Gravelly or Sandy Clay, and Clay. It is 
estimated that the total porosity of the Gravel and Sand is 35$ of its 
voltme, and that it will permanently retain but 10$ of its water content, 
making its available porosity 90$ of 35$, or about 3lg$o The material 
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classified as Gravelly or Sandy Clay is probably well assorted and unusually 
dense, with grains varying widely in sise* It is estimated that the total 
porosity of this material is 25$ and that 90$ will be retained, leaving an 
available porosity of Much of the Clay more nearly resembles a Clay 

Lean with a wider range in else of soil grains, and hence a smaller total 
porosity than a true Clayo She total porosity of this material will be 
taken as 32$, and the available porosity as 3*2$ as estimated by Clark 
in the Goverzsnent Report quoted above* 

Based upon the above deductions, the following (Cable 13 indicates i 
that the resultant, average, available porosity of the Santa Clara Valley 

‘ t 

Rater Bearing Formations, as typified by the West Side Division, is 11,1$, 
This means that for every 1 foot of water withdrawn, the water plane will 
be lowered about 9 feet, unless replenishments have simultaneously 
occurred* 

TABLE 13. 

AVAILABLE POROSITY (AVERAGE OF 62 WELL LOGS ) 



AGGREGATE 

LEHGHTH 

PB0P0ETI0E OF 
TOTAL LEMBTE 

TOTAL available pbopoetioh of 

POROSITY POROSITY TOTAL FORMAT f U 

Gravel and Sand 

2393 ft. 

23,5$ 

35$ 


9,0$ 

Gravelly and 

Sandy Clay 

2273 " 

27.1$ 

25$. 

2|$ 

0/7$ 

Clay 

3733 

44,4$ 

32$ 

3o2$ 

1.4$ 

TOTAL 

6398 

100,0$ 

- 

- 

11.1$ 

Similar analysis in the Clark Report gives the available porosity 
of the Morgan Hill area in the Coyote and Morgan Hill Divisions of the 

District as 12,06$. 
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scdboe op BESismsanm 

It can lie assumed as evident that the "bulk of the precipitation 
on the Talley floor during the winter is absorbed by the surface soil 
layers* and in the agricultural areas* is disposed of during the f611ow- 
ing season by surface evaporation and plant transpiration* the latter 
factor representing the water actually used by the trees and other 
agricultural products* and that relatively negligable portions of this 
precipitation reach the underground source of supply from which the 
wells derive their water* 

The geology of the entire San FrenciBOO Bay region, clearly 
indicates at once that there is no reasonable possibility of any of the 
underground water of the Santa Clara Talley coming from any distant source. 

Practically the entire supply then of the underground water basins 
which feed the wells so extensively used for irrigation in Santa Clara 
Talley is derived from percolation from the streat beds flowing through 
the Talley* and frequently directly continuous with the underground gravel 
beds, especially towards the margin of the Talley* 

STBBAM BED ABSORPTION 

Factors q-p Analytical Ttetanniratlon ; The to tel amount of water 
normally p&Baed into the underground gravels from each of the stream-beds 
is capable of fairly accurate analysis* although such analysis requires 
a large amount of complicated and detailed field and office worfc. A 
complete estimate of the total amounts of water which naturally replenishes 
the underground gravel beds* and which theoretically could be recovered 
by the complete development of pumping plants* has fonaed one of the important 
lines of investigation of the present report. There are three basic factors 

involved in such an investigatlano 
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First : The total flow of each stress into the Tel ley and for 
more detailed work, the daily or at least the average monthly flow; this 
factor having teen deduced in the first portion of this chapter* 

Sec end ; The areas in eaoh stress ted naturally exposed to 
absorption* This factor has been determined from detailed field / 

j 

i 

surveys of each stream* end a careful reconnaissance of the character i 
of each, by the writers* 

Third : The unit rate (depth per day* or acre feet per acre per 
day) at which the gravel beds in the streams are capable of absorbing 
stream flow and passing it on to the underground gravel reservoirs* This 
last factor has been estimated from numerous measurements on different 
streams* of the actual amounts of water lost during the passage of the 
stream, flows down measured portions of the creek beds* 

S«.te of Absorption : The character of the different creek beds 
in the Santa Clara Talley varies widely* The type which is most frequent, 
end on many streams is found exclusively, is a stream bed with an especially 
regular cross section* having idee so steep that they are nearly vertical, 
and from 5 to 20 or more fee t in depth* the bottom being covered wl th a 
layer of gravel* This is essentially the only type of at re an. beds 
around the western margin of the Talley (Figs* 12* 13, and 14) from the 
northern end of the District as far South as the Dos Catos Creek* For 
the purpose of estimating stress absorption, the areas exposed to absorption 
in this type of creek bed, and hence the rate at which absorption may 
teke place* vary practioally as the length of stream bed down which there 
is a flow of water. Plates 1? to 22 inclusive, show curves of the total 
amount of absorption which can take place in such stream beds# This 

i 

absorption tends to vary uniformly with the discharge at the nargin of the 
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Valley, until this discharge is sufficient to cause stream flow as far 
as the mouth of the stream, or as far as the lower probable limit of 
absorption, generally taken in these creeks as about the location of 
the Southern Pacific Sail road because below that location the slope 
of the surface is much decreased, the material is a relatively imperv¬ 
ious clay, and the ground water is close to the surface. The maximum 
irate of absorption is equal to the maximum amount of stream flow which 
can be absorbed, and the rate of absorption is practically constant with 
any increased flow, becoming, of course, a decreasing percentage of the 
total flow, beyond this point* 

The Los &atos, Guadalupe, and Coyote Creeks have stream-beds 
with characteristics quite different from the group described. In many 
places the banks are low, and the bottoms rounded and irregular, with 
flat lateral slopes. The total areas submerged in these stream-beds 
varies greatly with the amount of flow in the creeks, end the consequent 
change in depth* Special detailed surveys were made of each of these 
eredk beds with frequent cross sections throughout their entire courses 
through the Vslley. Laborious work is required in both field end office, 
but it has been possible to finally plot special curves showing the total 
absorption in each stream bed in terms of the discharge at the rim of 
the Valley* The Los Gatos Creek in particular at the Town of Campbell 
(Figs. 10 and 11] has removed by flood erosion, a large area of surface 
•material so that its bed suddenly expands in width (Plate 68) and at 
moderate or high rates of stream discharge the areas exposed to percolation 
ara greatly increased* 
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TOTAL ABSfflg*PTOrc 

Careful estimates have been made of the total amount which 
each stream "bed could absorb, and thus beneficially dispose of. by estima¬ 
ting the average daily flow over the total 18 year period studied* The 
preportion tf each days flow thus estimated which would naturally be 
absorbed in the stream bed and the portion which would be passed on 
- into the Bay and wasted, has been determined, and the aggregate of all 
the absorbed portions gives the natural absorption in acre feet for each 
of the stream beds, during the periods studied, the remainder being the 
portion of each stream discharge naturally waited* In actual practice 
it is not necessary to get the daily discharge of each stream, as a factor 
was used which enables the determination of the conserved and wasted por¬ 
tions of each stream flow, from monthly average discharges* This ratio 
was determined by a careful analysys of daily end monthly averages on 
Coyote Creek for the period of 1902 to 1914 during which such data is 
available* 

MEASURED ABSORPTION IB COYOTE CHEEK: 

Daring seven seasons of the period from 1902 to 1918, the Bay City 
Water Co* carefully measured the aetual absorption in the gravel bedB of the 
Coyote Creek (Fig. 9) from the upper gorge to Julian Street, San Jose. 

Below Julian Street it is esstmed that there is no absorption from the 

* .i 

creek bed as the bottom of the creel is generally above the ground water 
level, and the flow of the creek es determined by summer measurements tends 
to increase rather than to decrease. The results of the actual measurements 
for seven different seasons are shown in the following Table 14! 
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CABLE 14. 

•HBLATTfiK QF COYOTE RUNOFF TO 5BA7EL ABSBBgTION 


SEASON 

RUNOFF 

AC.FT. 

GRAVEL ABSORPTION 
TO JULIAN ST. 

Ac. Ft. 

WASTE 

TO BAY 

Ac. Ft. 

WASTE 

US $ 

OF TOTAL 

1902-3 

83,000 

20,700 • 

61,900 

74.5 

1903-4 

36,500 

17,400 • 

22,000 

60*2 

1904-5 

32,000 

19,700 • 

13,400 

42*0 

1905-6 

116,400 

24,900 • 

99,500 

85*3 

1906-7 

202,000 

30,800 • 

190,000 

78,7 

1916-17 

69,900 

19,300 

50,600 

72*4 

1917-18 

12,270 

10,650 

1,620 

13*2 

MR AW 

78,900 

20,500 

62,700 

79.4 

16 trau mkaw 

80,380 

20,560 

61,500 

76.5 


* Adjustments made for water entering from Laguna Sec a. 

It will be noted that the range of absorption Is limited, and 
fairly constant as compared with the runoff* Che year 1906-07, with 190,000 
sc. fto more runoff than in 1917-16 only shows an increase of 20,000 ac. ft. 
of absorption* This is due to the rapidity with which the floods pas6 over 
the stream bed. Absorption can only be increased, and waste cut by retarding 
the stream flow through the agency of surface storage reservoirs or ohecfc. or 
spreading dams in stream bedso 

The effect of retarded and uniform stream flow is clearly 
demonstrated by comparison of the records of two floods in the Coyote. 

In passing from the upper gorge to the lower gorge, a distance of eight 
miles, a flood of 454 million gallons occupied 1*58 days in passing, and 
lost 160 million gallons by stream absorption. A flood of 376 million 

gallons occupied 2*34 days in passing, and lost 190 million gallons by 
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absorption. Here the smeller flood with but 83$ of the volume lost 
20$ more water than the larger flood, because Its time of passage was 
1-1/2 times longer* 

Under present conditions the range of natural absorption on 
the Coyote as between minimum and maximum flow appears to be fxom one-sixth 
to one and one-half times the average* 

The final summary of all these studies is shown in the following 
Table 15* The maximum, minimum aod average seasonal Bunoff and natural 
Absorption for eaoh of the eighteen years, 1902 to 1920, la tabulated for 
each of the 28 distinct watersheds, including all the principal oreeks 
as well as important marginal areas which are numbered for reference 
purposes* (See Plates 8 sod 30). In the final summary there has been 
excluded all of the Ursa absorption and runoff, and one-half of that of 
the eaablned Los Trane os and San Franc is quito, as these areas are not 
in the District. The average percentage of the total runoff naturally 
absorbed varies from 100$ for the smaller marginal, areas to a minimum 
of 18$ for the short, torential, Penltencia Creek. The average of 
all streams considered is S8$* Host of the larger and more important 
streams are well below the average, the Coyote being 25$, the Llagas 
being assisted as 35$, and the Los Catos most thorou^tly studied of all 
being 35$, or close to the average* 

The results of the tabulations stmmarized are platted on 
Plates 11 to 22, inclusive* 

AGGHBVATR AMOOflT OF ABSOHPTIOH 

A final summary of the natural runoff aud the portion of this 
runoff naturally conserved by stream bed absorption is shown on the 

front lapieoe Plate 1, of this report, for all streams entering the 
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TABLE 15 . 


SUMMARY NATURAL RUNOFF ABB ABSORPTION 


1902-1920 


/ 

STREAM 

Length 

In 

Miles 

Assumed 

Area 

(Acres) 

Assumed 

Abs.Rate 

Seo.Pt./Ac 

Average 

»Seasonal Runoff Ac. Ft.tSeasonal Absorption Ac 

t t 

• t t 

tMax. Min. Aver.iMax. Min. 

• Ft. tAverage 

(Absorption 

Jfrer* t __ 

Area Bo* 1 




340 

10 

155 

250 

10 

120 

77 

" 2 




1260 

100 

625 

1000 

100 

490 

78 

« 3 




390 

10 

176 

300 

10 

140 

80 

" 4 




1970 

150 

960 

1450 

120 

720 

76 

" 6 




310 

10 

140 

310 

10 

140 

100 

'* 6 




2980 

250 

1450 

2200 

200 

1096 

75 

" 7 




640 

20 

290 

640 

20 

290 

100 

Pens tend a Creek 

& 

9*0 

1.0 

20800 

870 

9920 

3020 

616 

1770 

18 

Area Ho* 9 




690 

20 

310 

690 

20 

310 

100 

*• 10 




1900 

80 

870 

1900 

80 

870 

100 

Kj- ii ii 




7960 

150 

3470 

7960 

160 

3470 

100 

Coyote River 




20200Q. 

3845 

80380 

30800 

3845 

20560 

26 

^ Area No. 12a & 12d 




4620 

110 

2045 

4620 

110 

2045 

100 

" 12b 




1215 

0 

620 

1215 

0 

520 

100 

Llaga8 




21690 

1040 

11030 

4960 

1030 

3860 

35 

Area No* 14a 




4260 

135 

1930 

4260 

135 

1930 

100 

" 14b 




3150 

166 

1460 

3160 

165 

1480 

100 

» 14c 




1220 

46 

660 

1220 

45 

660 

100 

" 12c 




770 

0 

335 

770 

0 

336 

100 

Almaden 

0.5 

Variable 

2.5 ) 

36750 

2840 

19770 

17536 

2840 

10586 

54 

Guadalupe River 

7.3 

• t 

1 to 2) 








Area No* 16 




2000 

120 

950 

2000 

120 

950 

100 

Loe Gatos 

9.4 

II 

1.0 

70530 

5100 

42330 

24475 

4470 

14900 

35 

Sen Tomas 

8.1 

17 

2.17 

4340 

300 

2100 

3020 

300 

1560 

74 




TABTiFi 15* — Con. 

SUMMARY NATURAL RUNOFF AND ABSO RP TION 


1902-1920 





Assumed 

tSeasonal 

Runoff 

Ac. Ft. 

tSeasonal Absorption Ao. Ft. 

* Average 


Length 

Assumed 

Abe.Rate 

i 



1 _ 



tAbsorption 

STREAM 

In 

Area 

Sec.Ft./Ac 

• t 

• 


t 



> $ 


Miles 

(Acres) 

Average 

i Max. 

Mn. 

Aver* Max. 

Min. 

Aven 

X 

Campbell 

6*2 

24.2 

2.4 

19780 

1410 

11880 

9660 

1410 

6000 

51 

Calabazas 

6*0 

11*2 

2.2 ) 

35240 

2560 

20760 

12625 

2660 

8080 

39 

Stevens 

6,9 

35.4 

1.17) 








Area No* 22 




340 

10 

155 

340 

10 

155 

100 

Permanente 

2.9 

4*4 

1.7 

5880 

370 

2785 

1931 

370 

1195 

43 

Area No* 25 




756 

0 

315 

756 

0 

315 

100 

San Antonio 

4*4 

7.7 

0.6, 

3735 

196 

1746 

1048 

196 

615 

36 

Madero 

2*0 

3.0 

0.6) 


* 






1 Obos Trancos 



) 

22310 

590 

11063 

5485 

285 

4140 

37 

wsmnvmrmrmmmm 

6,1 

22. 









Total in District 




479.745 

20.505 230488 

144.876 

19.966 

89.180 

38 

Outside District 











Uvas 




42.890 

3.330 

27.440 





Total with Uvas 




522.635 

28.835 257.928' 

*'144.876 

19.966 

89.180 

34 


+Notej- 

The table Include b only one-half of the total Runoff(as given for Watershed #28 in Table 11) and natural 
absorption on the Los Tranos and San Francisquito Creeks; such amount being assumed as tributary to the 


District. 
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District. Daring the 16 year period stodied (1902-1920) the average 
aggregate annual runoff into the District was 230,488 so. ftc, and the 
average amount annually absorbed was 89*180 ao» ft*, or about 36$. 

She balance of the animal runoff leas the average annual amount of 
lSyOSO aoe ft* used for gravity irrigation as shown in Chapter Ill, or 
128,258 ac. ft*, or about 55jof the total, was the amount annually 
wasted into the San Francisco Bay, 

She maximum range or variation in the total absorption as shown 
by Table 15 is much less than that of the total runoff. For the entire 
District the maximum annual runoff waa slightly over tnioe the normal, 
and the minimum about one-eleventh of the no male The maximum absorp¬ 

tion waa slightly greater than !§■ times the normal, and the minimtm 
about two-ninth* of the normal. Thus the maximum runoff is about 22 
times the minimum, whereas the maximum absorption la only about 7 times 
the minimum. 

The result of this ratio is, of course, to create a greater 
proportionate wastage during wet years, than during dry years, and 
hence if the last 18 years stodied, is a period of less than average 
runoff, then the proportion of wastage is also less than nonnsl. 

The Uvas is outside the District, but the bulk of its 
runoff could be impounded and could then be readily diverted into the 
District. If its runoff be included in the summaries, then the 
total average annual runoff is raised to 257,928 ac. ft., 34$ of which 
is naturally absorbed in the District, 5$ used in gravity irrigation from 
streams, end 61$ wasted* 
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NATURAL IgFTflnranY 

Adding the natural stream absorption and the average gravity 
irrigation, it ia concluded that for the paat 18 years the portion of 
the water supply naturally tributary to Santa Clara Talley which did not run 
into the Pacific Ocean, and hence was theoretically usable, is but 102,230 
ao, ft*, or but 48 per cent of the total maximum requirement of 213,000 
ao* ft* as deduced in the preceding Chapter, 




LOGICAL fORMATiON - (Plates 24 to 27 ) 


The floor of Santa Clara Valley, the boundaries of which are 

practieally coincident as far South as the Town of Gilroy, with those of_ 

the proposed Irrigation Ustriot, has been built up by materials washed 
in from the surrounding mountains. The bulk of the work was done 
during the glacial period, when rainfall was much more abundant, and 
streat activities much more intense than at present. 

It is probable that the general elevation of the VhJley has been 
subject to repeated and important fluctuations, being at times alternately 
elevated above, and depressed below, sea level. The extensive and con¬ 
tinuous masses of finely divided clay along the lower or northern end of 
the Valley, were presumably deposited in very quiet waters such as would 
hare overlain this portion of the Valley when below the level of the 
Bay, (See Plate 24, and particularly Plate 25), The coarser mater¬ 
ials such as gravel, sand and silt, which occur usually in analler and 
more irregular and brofesn masses, are surface deposits from the streams. 

Each of these streams as it enters the Valley tends to deposit the coarser 
materials first, carrying the finer materials to be deposited by stream 
overflow farther down. See for example the upper half of Section C, Plate 24, 
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Loose Gravel 
TJqftt Gravel 


Sandy Cloy 
Gravelly Clay 
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GROUND WATER TABLE 

Sep*err7berl ff 1920- 

February 13*^ 1321---- 
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Data from vvel 1 drillers records 

See plate 23 for location of 
sections. 
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SAN JOSE CHAMBER OF COMMERCE 


■which approximately follows the Los Gatos Creek* Each of these streams 
has thus tended to build up its own gravel or debris cone at the margin 
of the Talley. 

WATER BTSABTE& MATERIAL 

Daring long periods of time the streams have wandered or 
migrated from side to side over their gravel cones, constantly forming 
new channels, in the beds of which as et present, were layers and beds 
of gravel, later overlaid or included in beds of clay or silt* Bepeated 
action of this sort has tended to form gravel deposits in the form of 
long stringers extending from the main gravel cones down across the 
Talley in the general direction Of the stress, flowo {See particularly 
geologic sections B, C, and E, Plates 24 and 25), These long stringers 
of gravel marking former stream beds, are interspersed with and generally 
form irregular connections between larger deposits or lenses of gravel 
with considerable thickness at the center, and tending to thin out on all 
edges. The general stream action described, has been so frequently 
repeated that wells almost anywhere in the Talley if sunk to sufficient 
depth are almost eertain to penetrate one or more of these gravel strata* 
The strata forming the principal source of well water are more or leas 
interconnected, end particularly are more or less directly connected vith 
the gravel cones and with the gravel in the beds of the streams, especially 
toward the margin of the Talley* Stream flow percolating into these 
gravel beds has immediate end most direct effect upon the wells nearest 
the streams, although the stratification is generally ao Irregular that 
the position of the water plane, especially as determined by measurements 
of wells in use, is frequently irregular end erratic. 
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SPECIAL GEOLOGICAL W.A'FTJEES 

Coyote Debris Cons t There are two special features of the 
geology of the section which deserve special Consideration* The Coyote 
Siver* which is by far the largest stream in the Santa Clara Valley* and 
the one upon which chief dependence most be placed for a supply of stored 
water* now enters the Valley at approximately the sammit of the Divide* 
between San Francisco sad Monterey Bays* This Divide has beam formed 
by the Debris Cone Of the Coyote itself* and down the center of this 
Debris Cone is looated the division line between the Morgan Hill-^rilroy 
and the Coyote Divisions of the proposed Irrigation District* The 
Ceyote Biver now flows northerly across the northerly Blope of its 
debris oone. During the formation of the Valley the Coyote has repeatedly 
alternated its discharge between San Francisco and Monterey Bays* and it 
now distributes its underflow througx its gravel cone* partly to'the 
ITorth and partly to the South (Sections S and G* Plates 25 and 27) • 

Artesian Belt t The second notable special feature of the Santa 
Clara Valley geological formation is the presence along the northern 
edge of a large* continuous* and dose grained body of clay under which 
water-bearing gravel strata dip to such an extent as to naturally form an 
important artesian area* (Sections B and especially E, Plates 24 and 25)* 
This area is fed in part frcm percolation fran the Coyote Biver South of 
San Jose* in part from percolation from the beds of other streams along 
the western margin of Santa Clara Valley* and in part from a considerable 
and inport ant out-cropping of pliocene grarels* the up-tilted edge of 
which i8 directly exposed along the western foot-hills* The gravel 
strata directly under the day beds confine artesian waters under pressure* 
Artificial increase of percolation from the beds of the Coyote Biver* or 
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from any of the western streams, will tend to forward more water to the 
artesian gravels, mating it possible to recover increased quantities of 
water from artesian wells penetrating the lower end of the artesian gravels, 
along the present margin of the Bay# 

Projecting Spurs ? In a number of pieces such as "Lone Hill", the 
group of hills South, of San Jose, and adjacent to the cemeteries, the ranges 
of hills at the Lower Gorge of the Coyote and at the "Harrows" (Fig, 8), 
there are partly buried root spurs of igneous origin projecting toward the 
oenter of the Valley. All of these appear:to be generally parallel to 
the streams and to the slope of the present Valley surface. They tend to 
divide the underground water bodies into separate basins but no where to 
interrupt the continuity of slope of the underflow or apparently to 
seriously affect its movement, (Compare Plate 23), 

UmgBGBOtmP WATRH M07KMEHT 

Underground water lifce any surface stress, always flows down hill, 
although the rate of such flow is exceedingly slovfe 

In definite underground channels through gravel or sand, the 
velocity of underflow under natural conditions, will ordinarily vary from 
3 to 4 to perhaps 30 or 40 feet per day. In any connected body of under¬ 
ground water, a definite and continuous slope indicates the direction of 
movement, and the steepness of the slope, combined with the imperriousnees 
of the material, is indicative of the rate of movement. In a formation 
so irregular and broken as that of Santa Clara VaLley, the slope of the 
underground body of water is not uniform* The colored contour lines on 
the accompanying map, Plate 23, indicate the position of the underground 
water plane in Santa Clara Valley, first at approximately its lowest level 
which occurred in September 1920 shortly after the end of the irrigation 
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season, aad the sec cad about February 16, 1921, when approaching the 
crest of its annual rise. Where the slope of the water plane is steep, 
it is indicative of unusually rapid movement of the water, or of 
abnormally impervious stratification. Steep slopes are generally 
found around the rim of the Talley and indicate a rapid draining eBay 
of the gravel cones toward the main body of underground water fs>m vfcich 
the bulk of the well withdrawals has been taking place. Coup are the 
water contours of Plate 23 with the water planes shown on the cross- 
sections B. C, and D, of Plates 24 and 27. 

In general, marked changes in the direction or rate of Blope 
of the water please define naturally the areas receiving their underground 
supply fran different sources. This feet has been utilized in drawing 
the boundary lines of the six main divisions of the proposed District. 
Each of the bo six divisions are divisions which are natural units as 
determined by a common source of underground water supply, or by surface 
topography, or as in the case of the division between tee Evergreen and 
Milpitas units, by feasible, physical limits, of artificial supply. 

During the season of 1920-21, heavy rains began in October and 
continued at fairly regular intervals through December and January, with 
somewhat less in February. Some of the creeks were flowing continuously 
to the Bay by the middle of Deoesiber, and practically all of the important 
ones by the middle of Janaary. The relative position of the two sets 
of contours on Plate 23 indicates the movement of the water plane at all 
points in the proposed District during tie period from September 1920 to 
the middle of February 1921. 
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Low water position eaatours of September 1920* clearly 
indicates the great influence of the large amount of pumping for 
irrigation In the central portion of the Valley, particularly in the 
West Side area* the slope of the water plane over large areas is 
relatively small, and continuous and heavy pumping has apparently 
created large irregular depressions, basins or trough-1 ike formations, 
in the surface of the low water plane. She largest of these projects 
northwesterly through the central portion of the Week Side District* 
and forms an extensive area in which the depth to water in September 
1920, exceeded 100 feet, as shown by the colored zones on Plate 23. 
Coopering the low water plane as indicated on cross sections 0 and H, 
Plates 24 and 26, it will be seen that near the intersection of the 
sections just above the Sown of Campbell, the natural forward movement 
of the underground water has been sharply arrested by excessive with¬ 
drawals, The water plane is nearly level for several miles down 
Section C, and water is evidently being drawn fran all directions 
into the wide depression to supply the pumping plants, 

A trough in the water plane contours between the Guadalupe and 
Coyote Elvers, South of San Jose, indicates the division line between 
areas receiving underflow fran the two creeks, and largely on account 
of this, was made the division line between the Coyote end West Side 
Divisions of the main Irrigation District, 

HT ftTT WATCTB PT.iTTR 

The sec and set of underground-water contours indicates the 
certainty and the directness of the underground water replenishments from 
the various creeks entering the Valley, The cross sections of Plates 
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24 to 27, and particularly the Section H of Plate 26, also clearly 

/ 

indicate the main method of replenishment of the underground bodies. 
Poring the last three of the months intervening between the two Beta 
of contours, & more or less continuous flow in the creeks has caused 
a very marined rise in the water plane in the vininity of the streams, 
this rise diminishing generally with fair uniformity with the distance 
from the streams, the rise in same eases being as much as 20 to even 
30 feet, and in extreme cases, 60 to 90 feet in wells close to the creek 
beds* The steepening of the water contours in the vicinity of the cre3c 
beds from which percolating waters are escaping, clearly indicates the 
direct and rapid movement of these waters toward the main body of under¬ 
ground water* 

It must be at once obvious that «s long as stream flow is main¬ 
tained, water will continue to percolate from the stream beds to the 
underground water bodies, mid that if artificial means are used to 
retard the flood flows which normally are wasted into the Bay, and thus 
to prolong percolation'from the streams, the replenishnent of the under¬ 
ground gravel beds will be increased, with a corresponding increase in 
the quantity of possible withdrawals, for irrigation use. 


WELT. mTO«mA>PTCTrs 

EFFECT OP PUMPIgS 

The position of the underground water plane is in general fixed 
by measurements to the water surface in wells penetrating the underground 
water body, and freely connected therewith* The fluctuations in the level 
of the water plane are those determined directly by well measurements. 
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There are important limitations, however, to this method. When wells have 
teen continuously and especially recently, pumped at the time of measure¬ 
ment, the water level in the wells will he lower than the normal level 
of the underground water body in their vicinity. Continuous pumping 
of a well forms a local cone of depression with the well in the center 
of this cons. The total amount of this depression below the general 
or no anal ground water level, will depend upon the length of time and the 
rate of pumping, as well as the rate of flow through the gravel toward 
the well, this latter factor being a function of the size: and porosity 
Of the water-bearing medjump The extent of the depression below the 

notmal water plane will very with the distance from the well, becaaing 
increasingly less with increase in distance in all directions from the 
well, After the cessation of pumping, the time required for complete 
recovery to the normal plane will also very with, the amount of the de¬ 
pression, and hence the extent to which the cone of depression has been 
developed, as well as the size and porosity of the water-bearing medium® 

Xn the large number of well measurements taken in the course of this 
investigation, every reasonable effort has been made to prevent the 
inclusion of well measurements from wells in which pumping was in progress, 
or in vhich it had recently been in progress. In spite of this fact, 
there are undoubtedly many of the well measurements which are more or 
less effected by local pumping either in the well measured or in adjacent 
wells, 

A much more important element in the present study is the 
cxanulative effect upon the lowering of the general water plane, of pump¬ 
ing from a large number of wells® The effect of such pumping in the 
summer time, when due to natural causes the water plane is lowering, is to 
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greatly accelerate the rate and increase the extent of such lowering* 
and thus to scoentnate the normal fluctuations of the water plane. 

ABUTTAL FhnOTUATIOHS 

Tinder natural conditions the water plane starts to fall as a 
rule during April, due to the failure of the natural source of replenish¬ 
ment from percolating stream beds* and to the rapidly increasing evapor¬ 
ation and plant transpiration, the supply for which is drawn by capillary 
attraction from underground water bodies. This aimual drop usually 
continues until into December or January, the rate of drop showing 
marked dimunition hy September, when the evaporation and transpiration 
losses become very small, and the annual rise beginning in December or 
January when stream flow becomes considerable. The amount of this 
annual fluctuation will vary greatly in different parts of the VaLley 
from 4 or 5 feet up to 20 or more feet. The increased fluctuation 
under present irrigation conditions involving heavy withdrawals for 
summer irrigation from wells, will reach a maximum variation up to 50 
or 60 feet, or perhaps more. 

Plates 26 and 29 show such long time records of well fluctuations 
as are available. Unfortunately there are oosparatively few such records, 
and these are not well distributed. Plate 28 shows three wells platted 
from the records of the Bay City Water Company and considered typical 
of the Coyote Talley South of San Jose. Two of these wells Hos. 1116 and 
1739 cover the same approximate eighteen year period, 1902-1920, as used 
for the main Water Resources study of this report. On Plate £9 are 
shown five records covering from 2 to 12 years, and fairly well distributed 
Over the West Side Division. Well So. 493 is at Lawrence, 1135 about 
two miles West of San Jose, 1245 at San Jose, 1111-A at Campbell, mod 
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197 at Los Altos. All of this latter group of wells are more or less 
continuously pumped for water supply purposes, and hence tend to exagger¬ 
ate the normal or animal movements of the general water plane. This 
is particularly true of the last two listed in which the great annual 
fluctuation indicates excessive over-draft as well as abnormally impervious 
water-bearing strata* 

Certain very important general conclusions may be drawn from all 
these long term records* The annual, fluctuation is clearly shown, though 
its amount is probably greatly exaggerated in the wells which are being 
heavily pumped* especially if they happen to penetrate less than the 
average thickness of water-beer ing strata* Lowest annual levels axe 
generally readied during September or October* end highest during 
March or Aprils 

Another feature of the greatest significance is the extremely 
low levels of 1913 at the close of the two successive very dry seasons of 
1912 end 1913* Low levels of all wells for which long time records are 
available were practically the same as the low levels of 1920* The 
following three years were years of more than normal rainfall, runoff, 
stream absorption, and underground water replenishment* Complete 
recovery is noted in all wells recorded at the high water level of 1916, 
and in seme oases of 1917* The last four years, except 1919* have been 
years of subnormal rainfall, and the wells have continuously dropped, 
though there was a marked effort at recovery in 1919 when the rainfall 
was slightly above normal. 

On the right half of Plate 29 are shown the graphs of 18 
typical wells fran se asurements from September to February forming part 
of the field work of the present report* The time range is such as to 
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cover approximately the low point and in most oases nearly to the high 
point of the last season* These diagrams are chiefly significant in 
showing the great and rapid rise on the wells nearest the flowing 
creeks. There is also a great difference in the amount of the animal 
fluctuation from 4 or 5 to 70 or 80 feet, the lower wells nearest the 
Bay showing comparatively little difference. 

EFFECT OF CBEEKT FLOG? OS’ WEILLS 

The water plane fluctuations on Plate £6 which is a cross 
section of the Talley, in general normal to the creek feeds* is of the 
greatest significance as showing the promptness and extent of the 
response of the fluctuating wells and of the water plane, to the 
percolating waters from the creek feeds* The water tafele in the 
immediate vicinity of the creek feeds fee gins to rise very shortly after 
the first steady stream flow, and within a month or two shows very marked 
peaks in the vicinity of the creek feeds, extending for a distance of two 
to four miles from the creeks until the slopes of the water plane peaks 
at the stream feeds intersect, forming a continuously rising water plane 
with the greatest rise in the vioinity of the creek feeds* A comparison 
of the water planes of December 1, 1920, and February 15, 1921, is 
absolutely conclusive evidence on thi6 point, and is one of the most 
important demonstrations of this entire report* This obviously 
indicates that if the peroolacting creek flows could fee prolonged, the 
extent and amount of this annual rise oould fee increased sc that it 
equaled or exceeded the annual drop during the irrigation season, and 
thus the continuous fall in the water plane could fee checked, and it 
could perhaps fee eventually restored to its normal condition prior 
to irrigation* In some Divisions of the Talley, notably in the 
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Coyote Division* it seems clear that this complete recovery of the water 
plane would occur under natural conditions* during wet or perhaps during 
normal years* If by supplying artificially stored w^ter bo as to pro¬ 
long the rise of the water plane during dry years* then complete recovery 
could always he assured* 

pCTs/ATrarre LowEBnsrCr of water plmk 

Conclusions can now he drawn from the data of this and the 
two preceding chapters regarding the impending failure of the Water 
Be source b of Santa Clara Valley unless steps he taken at once to 
artificially conserve the present wastage of flood water* 

She summaries of Chapter III indicate that up to the time of 
the government report of 1912, the total area irrigated was lesB than j 
one-half of that of 1920* and presumably the water used was in like 
proportion or was about 69*000 acre feet* or materially less than the 
nozmal replenishment as deduced above of 89*180 acre feet* 

Estimating the increase of the use of water from the 69*000 
acre feet of 1912 to the 136*670 acre feet of 1920* indicates that the 
demand did not begin to exceed the natural replenishment till &>out 
1916 or 1917* a conclusion perfectly supported by the long term well 
records of Plates 26 and 29* The permanent drop in the water plane 
then commenced about this time for the perfectly clear reason that the 
demand of the wells began to exceed their supply* Fortunately it has 
been found possible to compute* and by a separate method to check: the 
amount of such permanent drop* and to predict its probable future rate 
of continued decline* at least for the largest Division of the District* 
namely* the West Side Division* 
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The original notes of the Government 1904 veil investigation 
have "been utilized to draw water contours shoving the position of the low 
water plane of 1904 over about £2,000 acres of the District included in 
the West Side Division* 1903 and 1904 were about normal rainfall and 
runoff years* and the position of the water plane as thus determined 
for 1904 may he ass uned to he normal up to 1916 at the he ginning of the 
permanent drop* A careful detailed ccaparison of the low water plane 
ef 1904* assumed to also represent that of 1916* with that of 1920* 
shows a total average drop over this area in four years of 16»S feet* 
Individual c caparisons show that this drop varied from nothing in the 
lowest parts of the District to about 55 feet in the vicinity of Campbell 
and Cupertino* 

An analysis for the last four yean of the deficiency in water 
replenishment over water demands has been made separately for the WeBt 
Side Division* The total water demand (Div;73|$dev.inLl920;49^ Jn 1917) for 
the 4-yr~.per.iOdf was 254*300 so* ft** and the total natural replenish¬ 
ment 116*000 afi* ft*, a total deficiency of 138*300 ao* ft*, or an 
average of 1*8 feet in depth over the total area of 76*875 acres* The 
total drop in the water plane as previously deduced from the average 
porosity of 11*1$ should hare' been nine times this amount* or 16*2 feet* 

The remarkably close agreement of the analytical drop thus obtained with 
the measured drop of 16*3 feet should leave no possible doubt regarding 
the fundamental accuracy of the methods used* 

Following the methods of the above deductions* it is also 
possible to estimate with cooperative confidence the probable future 
drop in the water plane for the entire District* The summaries of 
Chapters £ and 3 indicate that the probable full development of the 
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Talley with corresponding maximum demand for water should he completed 
hy the end of the next decade, or say hy the end of 1930. The estimated 
demand for water at that time would he about 213,000 acre feet. The 
natural replenishment from primary sources, assuming it to continue 
at the average rate of the last 16 years is about 69,160 acre feet. 

If it he estimated that for the entire District one-third of this 
normal replenishment will he available for re—use,, then the total 
available supply will be about 117,000 acre feet, which compared with 
the demand of 213,000 acre feet would leave a deficiency of 96,000 
acre feet, or 43$ of the demand. There would then be an annual shortage 
of water equivalent to a depth over the entire area of 96,000 divided 
by the area of the District, plus 5$ marginal lands, or a depth of 
0.562 feet. If the available porosity were the same as deduced for 
the West Side Division, or 11,1$, then the average annual drop of the 
water plane would be 5,25 ft« If at this time there were two con¬ 
secutive seasons with rainfall, runoff and absoxption as subnormal as 
the last two seasons, then the average drop in the water plane would be 
6,75 feet. Similar deductions for the West Side Division alone, based 
upon the average runoff of the last 18 years, indicates an average drop 
when folly developed (Probably in less than ten sears) of 6,1 feet, and 
an average drop for two seasons as dry as the last two of 7,3 feet® 

The most important of these conclusions are graphically shown 
on Plate I, 
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CHAPTER V o 

CONSERVATION ACT? USE OF WATER 


STORAGE RESERVOIRS 


GEN ERA it 

An isqportant factor in the maximum utilisation of the runoff 
from every watershed, where the flow is of seasonal and torrential 
character, is the possible storage of flood watere* This is 
particularly the case in this project, where it has been found that 
about 95 % of the total annual runoff occurs in the nominally noD-irrigating 
months of January, February and March, with an average loss to the sea 
of at least two-thirds of this flow. 

A very complete reconnaissance has been made of every reservoir 
site in the least worthy of consideration upon the tributary watersheds 
of this project, a total of twenty in number. Complete stadia surveys 
were made of sixteen of these sites, and upon the balance maps of previous 
surveys were obtained* Those reservoir sites are distributed upon the 
various watersheds and streams as follows: Coyote, 2; Uvas, 1; Ilagas. 2; 
Calero, 2; Alamitos, 1; Guadalupe, 3; Calabasas, 1; Stevens, 3; Permanente, 2; 
San Antonio, 1; Madera, 2* All of these sites are on the South and lest 
sides of the valley; there are none on the east side* For hydrographic 
reasons of insufficient water supply to justify construction one site each 
on the Llagaa, Calero, and Madera have been eliminated, end for physical 
and economic reasons, two sites on the Guadalupe are given secondary 
consideration only* Maps of seventeen of these reservoirs and dam sites. 
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together with tentative sections and plans of dams, are herewith attached. 
(Plates 31 to 64 inclusive)* 

The following table gives the available storage, within close 
economic limits* of each of the reservoir sites, together with the 18 
year average tributary water supply. 

TABLE 16 . 

BBSEBVOIB CAPACITIES ML WATER SUPPLY 


Beservoir Area of Tributary 
Watershed* sq. mi* 


18 yr. Aver. Storage Bat-io of 

Annual runoff ac.ft. Cap.ac.ft. fif s £uno?i 

each:total 


Coyote #1 v 



60000 


Coyo te #2 v 

195.20 

80380 

60000 120000 

1*50 

Uvas 

29*80 

27440 

/-200CS0' 

.73 

llagas 

19.64 

9515 

20000 

2*08 

Calero vf 

7.34 

2205 

9000 

4.07# 

Alamitos ^ 

10*24 

6360 

2500 

-40# 

Guadalupe #1) v j 
Guadalupe #2) 



2300 


5*66 

3240 

1200 3500 

1*08 

Guadalupe #3) 

7.96 

3570 

3000 

.84 

(Calabaaas) y 

(Azule Springs) 

2.33 

1090 

1600 

1-47# 

Stevens #1) ^ 



4000 


Stevens #2) v 



2000 


Stevens #3) 

18.22 

18130 

600 6600 

.36# 

Permanente.S.F. v/ 

3.34 

1560 

1170 

.75 

" ,N.F. " 

3.30 

1175 

1100 

.94 

San Antonio 

4.26 

1305 

1000 


Madera 

3.46 

510 

5000' 

1.62# 


Bote: (#) Surplus storm water will be carried by conduits from Alamitos 


Creek to Calero Beservoir; from Stevens Creek to Calabaaas Beservoir; and 


from Los Trancos Creek to Madera Beservoir* 
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From this table it will be observed that on those streams having 


available reservoir sites there is a total average annual flow of 159050 
acre feet (including 2570 ac. ft* from Los Trancoa Creek diversion) and a 
total economic storage of 194,470 ac, ft 0 The distribution of 
this storage is indicated upon the attached general watershed raap« (Plate 30) 
whioh shows the location of the reservoirs. It will be observed that, 
while for the most part the greatest amount of storage is located upon 
those streams having the largest volume of flow, there are two principal 
streams of large flow Los Catos and Campbell Creeks «• entirely lacking 
in storage sites. The East side of the valley is also entirely without 
storage facilities* Consequently the major portion of the water to be 
conserved by surface storage must be impounded upon the streams in the 
Southern end of the valley* 

The geographical distribution of this storage, and its relation 
to the total is shown in the following tablet- 

TABLE 17 . 

BB&IOHAL DISTBIBOTIOff OF STOBAGE 

Seotion Available Storage Percent of 

_ Ac* Ftp_Total _ 


East Side-llilpitas to Icerer Gorge 

of Coyote Creek 0 0 

South Side «. Upper Gorge to 

Guadalupe Creek 138000 71*00 

West Side ~ Los Gatos to Palo Alto 16470 6*40 

South Side - Morgan Hill-Gilroy Area 40000 20.60 
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EBSCBIPTIOK OF BBS EB VO IB SITES ASD DAM SITES 


The following is a very brief description of the reservoir 
sites listed in Table 16 and shown upon Plate 30. 

' Coyote #1 (Figs. 16 & 16) (Plates 31 & 32) 

Damsite is located at the point commonly known as the 
Upper Gorge of the Coyote, where Coyote Creek breaks through the 
hills into the valley* At this poirt there is a site suitable for a 
dam that will create a deep* narrow reservoir with a total length 
of about five miles and a capacity (with 205’depth water at dem) of 
60000 acre feet* 

' Coyote #2 (Figs. 17 & 18) ( Plates 33 & 34) 

This site.Is located about five miles up Coyote Creek 
eanon from the Upper Gorge* The damsite is suitable for an earthen 
or rockfill dam* which at a height of 150 feet will back the water up 
four miles, filling a beautiful valley and Impounding 60000 acre feet* 
Coyote reservoirs #1 and #2 may be regarded in their storage effect as 
a single reservoir of 120000 acre feet capacity, since the overflow 
of #2 will pass into and through #1* 

Pvae (Figs. 19, 20, 2l & 22) (Plates 35 & 36) 

Thie site is looated in Uvas Canon about eight miles above 
Gilroy, the damsite being Just below Eastman canon at the looation 
of the present diversion dam of the Gilroy Waterworks. The 
reservoir will impound 20,000 acre feet with a dam 130 feet in height* 
llagas (Figs* 23 & 24) (Plates 37 & 38) 

Two excellent reservoir sites are available on LLagas Creek* 
but owing to limited water supply, only the lower site will be 
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Uvas Beservoir Site* 






FIG. 23 



Llagas Beservcir Site 
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considered* This is located near the upper end of Paradise 

Valley. A dam 125 feet high will create a reservoir impounding ^ 

20,000 acre feet of water. 

Oalero (Fig. 27) (Plates 39 & 40) 

This is located on Calero Creek, a branch of Alamitos 
Creek, about two and a half miles above the old Almaden B.R. Station. 

A broad flat valley can be enclosed by a dem 90 feet high to create 
a reservoir impounding 9,000 acre feet of water. A secondary 
embankment 30 feet high must be built to close a small gap. This 
storage will be made fully available by diversion from the Almaden 
reservoir thr oogh a canal and tunnel. 

Almaden (Figs. 25 & 26) (Plates 41 & 42) 

Located about one mile above the Almaden Mine on Alamitos 
Creek a masonry dam 110 feet high will create a narrow canon reservoir 
impounding 2500 acre feet of water. This will serve as a 
check reservoir for flood peaks to permit of their transmission and 
storage in Calero reservoir, both reservoirs being treated as one 
in their operation. 

Guadalupe #1 & #2 (Figs. 26 & 29) (Plates 43 to 46) 

Reservoir #1 is located about I- 3/4 miles above the Guadalupe 
Mine on Guadalupe Creek. A dam 105 feet high will create a reservoir 
of 2300 acre feet capacity and back the water up one mile to Beservoir 
#2. where a dam 90 feet high will create a second reservoir with 1200 
acre feet capacity. A dam 125 feet high at Reservoir #1 will impound 

3500 acre feet of water at lees cost than the same storage in the two 
separate reservoirs. 
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Guadalupe #3 (Plates 47 &48) 


The dsmsite for this reservoir is located near the mouth 
of the Guadalupe canon* where a dam 85 feet high will impound 3*000 
acre feet of water* extending up the canon to the Guadalupe Mine* 

The great length end height of this dam for the limited 
amount of storage and the valuable property submerged will probably 
prove to be the objectionable features of this reservoir* 

Oalabajea s (Avml e Springs) ( Pig* 30} (Plates 49 &50) 

This site is located on the South fork of Calabazas Creek 
Just below Axnle Springs* A dam 108 feet high will impound 1600 
acre k feet of water* The runoff from Cal&baz&B Creek is insufficient 
to fill this reservoir on most years* and it will be supplied by a 
conduit diverting from Stevens Creek. 

Steven8 Creek 

Ho* 1* (Figs. 31 & 32) (Plates 51 & 52) The damsite for this 
reservoir is located on Stevens Creek one mile above the mouth of 
the canon. A dam 107 feet high will create a reservoir two miles 
in length and impound 4,000 aore feet of water* 

Ho* 2 * (FigB. 33 & 34) (Plates 53 & 54) This is located on the 
upper reaches of Stevens Creek one half mile above Soda Bock* A 
narrow rocky gorge will permit the construction of a masonry dam, 

125 feet high, creating a reservoir with capacity of 2,000 acre feet* 
From this reservoir the conduit will lead to Oalabasas Beservoir* 
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No.3. (Plates 55 & 56) 


Thie damsite is located at the canon, one mile below #1, 
where a dam 65 feet high will create a reservoir with capacity .of 
600 acre feet and back the water to the toe of Pam #1. 

Permanente (n.ates 57 to 60) 

One reservoir each iB located on the South and North forks 

near the mouths of the canons. In each case a dam 65 feet high 

\ 

will impound 1100 acre feet of water. 

San Antonio (Figs. 35 & 36) (Plates 61 & 62) 

This site is located at the junotion of the main forks of 
the San Antonio about four miles above the Griffin Banch at the edge 
of the valley. . A dam 55 feet high will impound 1000 acre feet 
of water. 

Madera (Pigs. 37 & 38) (Plates 63 & 64) 

This site is located on the North Fork of Madera Creek 
four miles from the State Highway. A dam 105 feet high will create 
a reservoir with a capacity of 5300 acre feet. This will provide storage 
for all the water of the North Pork of Madera Creek and by diversion 
the flood flow of los Trencos Creek. 

SEDIMENTATION 

Silting, or filling of the reservoirs with Bolide carried in 
suspension in the water during flood flow, is a factor to be considered 
in the ultimate reservoir capacity of any storage project. This is 
of varying importance dependent upon the size of the reservoir and the 







JOSE CHAMBER OF CiltffAERCfc 






















SANTA CLARA VALLEY 

WATER CONSERVATION PROJECT 

PERMANENTE RESERVOIR 

SOUTH FORK 

Fred H.Ti bbetfs Stephen E.ICicffer. 

Conj Engp. Con*. Engr. 


D^ti jrr\ A- 


A arch 1921, 


P» «•*« Icn 


Plate 57 







Plate 56 


-f ft? 









Plate 53 



















SANTA CLARA VALLEY 

WATER CONSERVATION PROJECT 

SAN ANTONIO RESERVOIR 


Fred H.Ti bbetts. 

Cons. Cngr. 
Datum Awomcd 


Stephen E-Kieffer. 

Cons. Engr. 
*oreV> 19 2 1. 


Plate 6) 










SANTA CLARA VALLEY 

WATER CONSERVATION PROJECT 

SAN ANTONIO DAM 

Fred H.Ti bbetts. Stephen E.Kieffer 

Cone, togr Conj. Engr 


Vatijm Aijomed 


Morch 1921. 













Platte 63 















1L _ £_ 



PLAN 


Scato Skc/~ 



SANTA CLARA VALLEY 

WATER CONSERVATION PROJECT 

MADERA DAM 


Fred MTibbelts. 

Con*Cr>gr 


STephen LKieffer. 

Cons. Cn^r. 


«oreh 1921. F EJEEE 


'•r* 


1 


O -i 

it/U 


Plate 64- 


Dati>m As«bimc.cl. 





volume of water passing through it. A small reservoir tqpon a stream 
of large, and largely torrential, flow will silt more rapidly, and 
have less relative value to a project, than where the reverse condition 
obtains. In view of the fact that many of the reservoir sites 
upon this project are relatively small, as compared with their tributary 
watershed and. runoff, a oareful study of the probable effect of silt 
deposits has been made* 

This study is based upon data compiled from long time actual 
silting records far Searsvllle Lake, on San Francisqulto Creek (F.C. 
Herrmann, Beport to Stanford University, 1919), Searsvllle lake 
was created by the Spring Talley Water Congo any in 1893. The 
original capacity of the reservoir was 1003 acre feeto In 1914 
(21 years) the capacity had been reduced by silting to 474 acre feet. 
During this period the total estimated flow of water through the reservir 
was 173,200 acre feet. The total deposition of solids was 530 acre 
feet, or 53$ of the original capacity of the reservoir, equal to 2,52$ 
per year. The ratio of solids deposited to total volume of water 
entering the reservoir was ,306$, 

Based on this record, which is particularly valuable because 
of its long time and local application, being upon one of the tributary 
watersheds of this project, the following table of probable sedimentation 
in each of the contemplated reservoirs has been prepared for the 18 year 
period from 1902 to 1920, 




TABLE 18 


ESTIMATED sETOTMRNTAT IOH IF RE SERVO IBS 
BASED nw SBAKSYILLB RESERVOIR 


Stream 

Bes.Cap, 
ac. fte 

xTotal flow 18sTotal depositsxDeposits in % of 
jyears ac. ft.iac. ft. t306$) jBeservoir capacity. 





Total 18 yrs. 

Annual 

Coyote 

120000 

1,446,000 

4410 

3.67 

.20 

Uvas 

30000 

494,000 

1510 

5*03 

.28 

Llagas 

20000 

174,000 

530 

2*65 

.147 

Calero 

9000 

39,700 

120 

1.50 

.084 

Almaden 

2500 

114,500 

350 

14.00 

.78 

Guadalupe 






Upper 

3500 

58,300 

180 

5.15 

.28 

Lower 

3000 

64,300 

190 

6*33 

•35 

Calabajsas 

1600 

29,700 

90 

5.60 

.51 

Stevens 

6600 

316,500 

970 

14.70 

.82 

Permanente 






N« Fork 

1100 

21,200 

65 

5.90 

.33 

S* Fork 

1170 

28,000 

85 

7.25 

.40 

San Antonio 

1000 

23,500 

70 

7.00 

• 39 

Madera 






N, Fork 






Los Trancos) 

5000 

45,200 

140 

2.80 

.15 

Diver* ) 








(21 years) 


(21 years) 


San Francisquito 






(Searaville) 

1003 

173,200 

530 

53.00 

2.52 


The above table is thought to be estimated upon a conservative 
comparative basis* The watersheds above most of the reservoirs, partic¬ 
ularly those having the greatest discharge, are for the most part high, 
rocky and well forested, with small cultivated or open soil covered areas, 
and therefore liable to less relative erosion than prevails on the 
Searaville Lake watershed, where low rolling foothills and cultivated soil 
covered areas are more predominant* 
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During the flood period immediately following the storme of 
January* 1921* water samples were taken from each of the principal streams 
for the purpose of determining turbidity and suspended solids* (Figs*39*40,41) 
Comparative results are shown in the following tables 

TABLE 19, 

TURBIDITY AMD 8U3PE?nED SOLIDS 


Stream Turbidity Suspended Solids 

_ (Base 1*00 on aoale) _ partB per 100000 


Stevens 

1.00 

53.20 

San Antonio 

.77 

33.12 

San Francisquito 

• 59 

9.56 (Influenced by 



Searsville Lake 

Los Catos 

.59 

31.36 

Coyote 

.37 

16.16 

Campbell 

.26 

10.48 

Permanente 

.24 

25.36 

Calero 

.14 

1.84 

Llagas 

.13 

7.52 

Almaden 

Trace 

4.76 

Guadalupe 

Trace 

4.16 

Uvas 

Trace 

.08 


The above table is not conclus ive as to probable actual relative 
silt deposits* Streams high in color (turbidity) may be low in suspended 
matter, or the reverse* The heavier solids may be rapidly deposited, but 
the color resulting from finely divided materials may be long sustained. 

This is indicated on San Fr&ncisquito Creek* where there is an unknown influence 
due to the passing of a large portion of the stream flow through Searsville 
Reservoir, whereas, Stevens Cfeek is noted for its long sustained turbidity 
after floods, with accompanying suspended solids* There is no particular 
reason to think that the volume of solids carried by the waters from the 
San Francisquito watershed should differ materially from that delivered by 
the streams of the immediately adjoining watersheds. 
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The uniformly higher solid content of ■waters of the West side 
streams* as compared with those on the South and East* is apparent* The 
percentage of solids as shown (in table) by analysis of flood water samples 
is not sufficient to account for any material reservoir silting* and hence 
the results deduced from actual records of Searsville Lake are of the 
greatest practical value, and are believed to represent within reasonable 
limits the probable actual effect of aedimentation. It will be noted 
that whereas only 40 years will be required to completely fill with silt 
the Searsville Lake, it would require (at the same rate of deposit) from 
120 to 130 years to fill the Stevens and Almaden reservoirs and frcm 250 
to 500 years for the others* Efen though the rate of sedimentation in 
the Madera, San Antonio, Persianente and StevenB Creek reservoirs was greatly 
increased over that for Searsville the effect would not be serious, due to 
the relatively large storage capacity conpared to the total volume of 
stream flow* If found desireable inexpensive sluicing operations on 
the most affected reservoirs would permanently maintain their capacity. It 
is therefore concluded that materially lessened reservoir oapacity from 
silting need not be feared on this project* 

DAMS I TBS AITP TYPES OF DAMS 

On attached plates are shown the plan and profile of each of 
the damsites at the proposed reservoirs, together with a maximum section 
of a proposed type of dam. The types of dams selected for estimating 
purposes are those shown on the plates* but the careful investigations 
necessary for actual construction might change the type in some instances* 
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Funds for borings at the damsites were not available* hut from available 
previous data on some sites and careful inspection of surface indications 
at all of the sites* combined with a general study of the geolcgy of 
the locatioxe * it is felt that the types of dams suggested can be 
successfully constructed* Final study may possibly extend the 
number of masonry structures* but a lack of knowledge at this time as 
to rock foundations has not Justified their consideration* For 
the most part the oanons at the damsites are wide and show no narrow 
rooky gorges* and the dams will accordingly be large per unit of storage* 
Because of the length of the structures* and the broken surface founds** 
tion material* the dams considered for most of the sites have been 
those of the hydraulio fill and loose rook fill typeB* These types were 
selected dependent upon the apparent volume and ease of obtaining the nec¬ 
essary materials* For the most part the soil cover is scanty and 
surface conditions indicate an abundant supply of suitable rock with 
very little stripping* There suitable rock foundations are clearly 
defined the multiple arch type of reinforced concrete dam haB been 
selected for estimating purposes* The sites and types for all 
dams are subject to change resulting from final investigation and study* 

In most cases* however* the location of the site is practically fixed 
by local conditions* but in a few instances there are alternate sites* 

The hydraulic fill dams will conform to the standard practice in 
construction* water for this purpose being obtained by pumping from 
the stream* The rockfill dams will be loose dumped* with manhandled 
and dry laid faoe wall and reinforced concrete facing as the water-tight 
element* 
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Hie following table gives the general physical data on 


each dam:— 


TABLE 20> 

PHYSICAL BATA OK DAMS 


Name 

Material 

Maximum center 
Height (Feet) 

Crest Length 
(Feet) 

Coyote #1 

Hyd. Fill 

210 

1085 

Coyote #2 

Booh Fill 

150 

1020 

Uvas 

ft 

130 

1180 

Llagas 

ft 

125 

800 

Calero 

Hyd, Fill 

90 

800 

Almaden 

Masonry 

110 

445 

Guadalupe #1 

Booh Fill 

105 

460 

« #2 

Masonry 

100 

385 

" #3 

Boiled Barth 

63 

1510 

Calahazas 

Hyd. Fill 

106 

480 

Stevens #1 

n 

107 

860 

" #2 

Masonry 

125 

410 

" #3 

?yd. Fill 

65 

430 

Permanents, S.F. 

tt 

65 

600 

" N.F. 

B 

65 

480 

San Antonio 

VI 

55 

615 

Madera 

Boch Fill 

105 

500 


UTILIZATION OF STORAGE BESEBTOIBS 


The utilization of water stored in surface reservoirs may he 
hr ought about in two ways — through the agency of surface canals and 
pipe lines for direct surface irrigation, or by holding bach; the flood 
peahs for later gradual release into the stream beds for gravel absorption 
as a supply for pumping plants. Full utilisation of the smaller 
reservoirs from the Alamitoa and Guadalupe northward along the West Side 
may be had by either method? except for the Madera, whose utilization 
must be effected largely through the agency of surface distribution. 

For this reason speoial mass diagrams with draft lines have not been 
prepared for these reservoirs. Their effect in increasing conservation 
— either by gravel absorption or surface use-is included in and indicated 
by the runoff and conservation mass diagrams sho?n on Plates 15 to 22 
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inclusive. 


Such is not the case, however* with the Coyote* Uvas and 
llagas, where a large portion of the water will certainly he drawn off 
in surfaoe conduits* 

Mass diagrams* showing special draft lines* have been prepared 
for each of these streams* and are shown in Plates 65 aid. 66* The 
results indicated hy these special diagrams are also included in the 
general series of runoff and conservation diagrams. Plates 12, 13 and 14* 
COYOTE BESET?VO IBS 

Beoause of the large storage capacity of the Coyote reservoirs 
there will he stored and made available for use a large quantity of stcrm 
water in excess of that reqdired to replenish the Coyote gravels in ^ 
accordance with the rulings of the Court covering that situation, 
m order to ascertain how much of this storm water can he diverted to use 
elsewhere in the Valley it will he neceesary to stud y the problem of 
the Coyote runoff in some detail. For the purposes of this study the 
two Coyote reservoirs will he considered as one reservoir with capacity 
of 120,000 acre feet, A mass diagram for this stream has been 
plotted (Plate 65) hy projection for the full 71 year period baok to 
1849. The relative runoff for the 18 year period from 1902-1920 
is shown hy inspection. From this diagram and the draft line shown 
it will he observed that with the storage provided almost exactly 
the same conditions of water wupply would have prevailed in the dry 
periods of 1918-1920, 1912-1913, 1904-1905, 1890-1891, 1688-1889, 
1874—1875, 1863—1864, On all othar years a uniform and full supply 
of water would have been available. Hence when the 18 year period 
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from 190&-1920 is taken as the basis of calculations the conclusions 
deduced should be expected with confidence to apply to a period of 
indefinite length. 

We have already seen that the average seasonal discharge of 
the Coyote at Upper Gorge is 80580 acre fe£, of which about 20,000 
acre feet sink into the gravels and 60,000 acre feet escape to the 
sea, as determined by measurement. 

By deoree of the Court in the Hayes-Chynoweth vs. Bay Cities 
Water Co. case certain prescribed rules were laid down for apportioning 
water to the Coyote gravels, beyond which water might be diverted far 
use elsewhere in the valley. Ihe "Buie of Beplenishment** leii 
dosn was;** 

820 million cubic feet (18800 ac. ft.) plus 6.6^ of the 
stream flow thereafter* should be allowed to pass into 
the gravels each year at a rate that will permit of 
complete absorption. 

In making its decree the Court accepted maximum figures 
throughout. 

By this method the calculated replehishment for the five 
seasons (1902-1906) averages 23760 ac. ft., and for the 18 seasons 
(1902-1920) 20560 ac. ft. For thB correponding per iods the 
measured averages war6 22700 and 20500 ac. ft. The gaged absorption 
for the short time averege included 6080 ac. ft. contributed from 
sources below the Upper Gorge, hence under the Courts rule of 
replenishment if an average of 23760 ac.ft. of water is released 
from the Upper Gorge alone an excess of 30 % above the average calculated 





Or measured normal absorption for these gravels will be provided from 
that source* As indicated by the Miller (Ho* 1661)* Heinlein, 

"Indicator" (Court) (Hoo 1716) and Bay Cities Water Co* #133 (Coyote) 
(#1724) wells the average absorption of about 20*000 ac* ft* per year 
has restored and maintained the water level in the wells during each 
of the years since 1902* except the dry years of 1912-13 and 1918-20* 
when the runoff wbb far below this average* The normal seasonal 
drop has averaged about 12 feet* with 18 and 22 feet for the dry periods* 
Within the Ooyote Division, from the Upper Gorge to San Jose* there is 
a total area of 23660 acres and a net irrigable area of 16470 acreso 
The present irrigated area is 12156 aoreB* which will be anply supplied 
by the average of 20560 acre feet absorbed from the Coyote drainage above 
(say 16000 ac* ft*) and below (say 5000 ac e ft*) the Upper Gorge* To 
provide for irrigating the remaining 4314 acres an additional 7100 acre 
feet should be set aside from the Coyote storage, making a total average 
from this scuroe of say 24000 ac* ft* 

It is therefore concluded that if a regulated delivery from 
reservoirs of 24000 acre feet per season is provided from the Upper 
Gorge the full irrigation demands of the lands within the Coyote gravel 
absorption area will be met* with a normal maintenance of the level of 
the water table* The total average discharge of the Coyote ( 18 year 
period) w?a 803B0 acre feet* This was distributed with a minimum 
of 3845 and a maximum of 202000 acre fee-t* With 120000 acre feet 
of storage an annual average draft of 66000 acre feet (Including reservoir 
losses) could have been maintained (plate 65), except in the dry years 



of 1913 and 19s0« 


With this storage and draft water would have 


escaped past the reservoirs in seven years to a total of 393000 
acre feet* or an 18 year average of 21800 acre feet. It is 
possible to conserve thiB additional waste by Increasing the storage 
to about 200*000 acre feet, which at some time may be justified, 
but is not considered here. 

UVAS BBSBBVOIB 

At the present time none of the Uvas water is available 
for the Santa Clara Valley. With a storage reservoir of 20000 
acre feet capacity a gross draft of 15000* and net of 13700 acre feet 
could have been maintained in every year with waste past the reservoir 
except in 1913. 

A storage of 30000 acre feet will make available an 
additional 5000 acre feet per year in all but the dryest years* 

I>LAGAS BBSEBVOIB 

With 20000 acre feet of storage the full average flow of 
the ULagas can be made available* with a gross draft of 10000 and 
net of 8800, acre feet, A shortage would have occurred only 
in the years 1913 and 1920* 

TOTAL AVAILABLE DBAFT FBQM BBSEBVOIBS 

The net available draft from the Coyote, Uvas end Llagas 
reservoirs in every year, except en occasional one of exceptional 
drouth, when the draft may drop to 40 or 50 % of the normal, will be*« 
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Coyote 61000 acre feet 

UYaB 13700 " 

Llagas 8800 » 

Of this the 22500 acre feet from the Uraa and Hagaa, 

plus the 5000 acre feet of direot absorption from marginal valley 

watersheds* will amply car6 for. the 16779 irrigable acres in the 

Morgan HIll-Gilroy area* and no part of this water is proposed to 

be diverted out of this area and its natureldrainege southward* 

Of the 66000 acre feet from the Coyote 5000 acre feet 

will go to reservoir evaporation losses (estimated at 48 indhes 

per year), leaving 61000 acre feet net, of which 24000 will go to 

the Ooyote area and 37000 to other parts of the valley. 

An analysis of the water conserved under present 

conditions on the East Side, or Evergreen, section indicates that 

in order to guarantee the future irrigation of th6 entire 9300 

acres in this territay the natural absorption should be augmented 

by an average of 7000 acre fe6t per season from the Coyote storage. 

Deducting this leaves 30000 acre feet as the amount available 

from the Coyote to be diverted to the West Side. 

WEST SI IE BESEBVOIBS 

Th® combined storage of the Calero, Almaden, Guadalupe, 
Calabazas, Steven Creek and Permanente reservoirs is 20170 acre feet# 
This water can either be utilized on the West Side by stream absorption 
or by surface use. In either event the total conservation with 
the aid of the reservoirs is shown on the mass diagrams on Plates 
15 to 20, The average increase in conservation for these streams 


207 



due to storage is 13900 acre feet per year, or about 70^. 

SAS AKTONIO AMD HADEBA BESERTOIBS 

These reservoir* are treated separately beoause they are directly 
tributary to the Palo Alto area* The problem of augmenting the water 
supply of this area is complicated by the fact that Stanford University 
and the Bear Gulch IS at er Co* hold prior rights on the principal tributary 
watershed, that of San Francisquito Creek, and Stanford University cork- 
templates using the available reservoir sites on that stream to conserve 
flood waters for the use of its property. Water from Los Trancoa 
Creek will also be conserved by the enlargement of Felt lake* The 
average maximum volume of water to be thus utilised is stated to be 
(Herrmann report to Stanford University) approximately 7600 acre feet 
net per season. Without this storage the only conservation to be 
effected on San Francisquito Creek proper iB that due to natural absorption 
in the creek bed below the proposed reservoirs. 

By constructing the San Antonio reservoir the natural absorption 
of that stream may be increased about 110J&. The Madera reservoir has 
a possible oapacity of 5300 acre feet aid will permit of conserving the 
entire flow of Madera Creek and the major portion of the storm flow or 
Los Trenoos Creek after deducting the Felt Lake storage* 

The average regulated available water supply from the combined 
Madera, Los Trancoa and Sen Francisquito is 4300 acre feet per season* 
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DESOBIPTIOIT OF SPREADING DAUB 


SOUTHERN CALIFORNIA DAMS 

The spreading of flood water in order to artificially increase 
the stream replenishment of underground water has ins, has been practiced 
extensively in Southern California for the last decade* The anount 
of water which it is possible to Iobb in the b6d of a stream, depends 
upon the area exposed to paroolation, and upon the rate of percolation* 

In general the areas exposed to percolation can be greatly increased by 
construction works* The Southern California streams, in particular 
the Santa Ana River at San Bernardino, and the San Antonio Creek* 
at Pomona, debauch abruptly from the mountains onto large deep cones, 
of coarse gravel and boulders* The main stream bed shifts in its 
rapid progress down this gravel cone, the bulk of the flow being confined 
to a comparatively small and unstable channel or "wash"* The methods 
used to increase the percolation into these gravel cones have invohBd 
a series of low and inexpensive dams to widen the water surface in the main 
channel, together with a system, of divergent canals and ditches and in 
some cases ponds, spreading the flood: water, fan-like over the comae* The 
results obtained by these methods have involved but small operating cost 
and are reported to be quite satisfactory, resulting in extensive re¬ 
plenishments of the underground gravels, from which water ie punqoed 
for irrigation from wells* 

GENERAL PLAITS FOB DISTRICT 

The exact methods followed in Southern California are in general 
inapplicable for Santa Clara Valley because of the abeenoe of the large 
coarse, steeply sloping, gravel cones* Similar results, however, are 


209 



believed to be posBible, involving the use of the same general 
principles* In a number of smaller creeks with comparatively 
uniform channels, and especially where the channels are cut deep* 
the areas expoeed to percolation can be expanded and the depth 
of water on the percolating areas increased, with a corresponding 
increase in the amounts of water disposed of, by the construction 
across the beds of the streams at frequent intervals of small and 
very inexpensive dams composed of gravel and boulders held in 
pleoe by fine wire mesh* These structures will form level 
dams, or spillways across the entire width of the channels, possibly 
2 to 4 feet inteight. Such dams should be placed in favorable 
locations so as to fora a series of steps with intervening poolse 
Beneficial results could probably be obtaired at small expense 
by this method, on such streams, for example, as the Penitencia 
Creek, and the streams on the $?est Side such as the San Thomas 
^uino, Campbell, Stevens, Permanente, Madero, San Antonio and 
San Francisquito Creeks* In the cost estimates of Chapter 6, 
no attempt has been made to fix the exact size, number* or location 
of such dams, but general estimates are given of tbe probable amounts 
which the writers deem might be beneficially spent in construction 
work of thiB type, providing that complete surface distribution is 
not deemed desirable* 
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LOS GATOS CBEEg - SEBEADING MMS 


The principal constrnction work proposed for increasing 
the rate of percolation of water from stream beds is on the los 
Gatos Creek, where this method of conserving water may he relatively 
of far greater importance than on other streams entering the valley* 
The annual average runoff of the Los Gatos Creek is about 42330 
acre feet* The only Important storage reservoir is at Lexington 
and is ispractical because the S*P* Bailrosd runs through the bottom 
of the reservoir for a distance of several miles* and the oost of 
re-locating, or of otherwise providing for this railroad would be 
prohibitive* It is estimated that of the total runoff of 42330 
acre feet an average of 14900 acre feet or 35 percent, reached the 
underground gravels by percolation, and that the balance of 27430 ac* 
ft*, or 65 peroent is wasted into the Bay, except for such relatively 
8is.ll amounts as are sometimes conserved by the surface irrigation 
ditches in the vicinity of Campbell. 

Lower Lam ; 

Fortunately there are in this Creek Bed two large sL tee 
for spreading dams* The lower one of these immediately adjacent 
to the Town of Campbell, will furnish a large wide area. of gravel 
beds, the overlying surface soil having been eroded, and the land 
rendered practically valueless, through the action of former floods* 



The spreading area happens to he squarely In the center of the highly 
developed orchard section in which veil depletion is at a most advanced 
stage. At the lower end of this gravel area, at the Campbell Avenue 
bridge, the oreek bed narrows to its normal width of about 50 feet, 
with nearly vertical sides, about 20 feet in depth* Above this 
bridge it immediately widens out (Fig* 10) to an average width of 
about one-tenth mile, for a length upstream of about one half mile past 
the railroad bridge and up to the lower of the diversion dams for the 
surface ditches in this vicinity* It is proposed to construct a 
movable needle dam immediately above the Campbell Avenue bridge capable 
of raising the water to a total elevation of about 25 feet above the 
lowest point in the natural oreek bed, at which height there would be 
submerged about 54 acres* This would raise the water about 4 feet 
above the natural ground level at the Campbell Avenue bridge so that 
the reservoir tins created would require leveeing around the sides of 
its lower end* For this purpose simple earth levees are suggested 
with a total height at the dam site of 7 or 8 feet, and a total length 
tapering out to no height at the upper end, of 4000 feet* The 
general construction of the proposed dam is shown on Plate 67, which 
also shows a map of the reservoir, with curves of etorage, submerged 
area, and estimated rate of percolation, all as function of the depth 
of water against the dam* A special tripping device is provided, 
so that in case of floods, the needles holding the water may be entirely 
and ins tan tL y removed by tilting tba beam which holds them at the top* 

It is believed that this device should completely remove any possible 
danger of damage from flood water* Above the dam the present des¬ 
tructive flood erosion would he entireb checked, as the creek would 
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The assumed rate of 


discharge into a lake or pond of quiet water* 
percolation from the bottom of this reservoir is taken at the exceedingly 
low value of 2 feet per day, or 1 second foot per acre; leas than the general 
average rate of seepage loss from the bed of an earthen canal* This 
rate was determined as the minimum of a number of actual measurements of 
the seepage loss from the creek running in its present channel, through 
this area* 

Upper Jam: 

The Upper dams ite is about two miles below Los Gatos* as shown 
on Plate 66, the proposed dsm being located at the point where the 
railroad entering from the Itorthwest swinge into the ravine, parallel 
to the Los Gatos Creek, (Pig, 42) At this point an earth dsm of standard 
construction is proposed, with a total height of 30 feet* The spill¬ 
way on the northeastern end would be bo designed as to give a mM-jimm 
safe rate of passing flood water of 12000 second feet 0 This will 
automatically operate &b an increased percolating area with a maximum area 
of 70 acres, and with a capacity estimated from actual measurements of 
percolation at this point of 2 feet per day, or 1 second feet per acre, 
or a total of 70 second feet. The underlying formation xx appears 
from the Geological Section to be more favorable for absorbing percolating 
waters than the lower site* Geographically the site is also in a 
more favorable location, being nearer the hills and above the main body 
of orchard land most in need of additional water. 

GUADALUPE ACT AIMAUEK CHEEK SPHEADOG Mura 

Immediately below the Junction of the Guadalppe and Almaden 
Creeks about 6 miles South of San Jose, is a gravel spreading area somewhat 


214 




SANTA CLARA VALLEY 

WATER CONSERVATION PROJECT 

LOS CATOS CREEK RESERVOIR ff 

AMP 

PROPOSE? PAM 


LOS GATOS 


Fred H Tibbetts 

coins ChOl 


Pfetum Assumed 


Stephen C Kicffsr 

cons cno* 


March 1921 


PLATE 66 








similar to that above the Campbell Bridge* although much smaller and 
■with bank lines much less accentuated* A short distance below the 
Bonner Aventi8 Bridge where the creek channel beoomes relatively narrow, 
it is proposed to build a structure whioh will function in a fashion 
similar to that proposed at the Campbell Avenue Bridge on the Los Gatos 
Creek. The dam required will be much lower and wider* The 
maximum height of water proposed is elevation 190, giving a maximum 
depth of water, of but little oWer 5 feet* The total length of the 
dam ie about 250 feet B The creek banka in this vicinity are quite 
low, and at the lower end of the reservoir would require low earth leveeB 
extending along the bank lines for about 2000 feet upstream on either side* 
The measured rate of percolation from the stream bed In this vicinity is 
unusually high, being about 4 feet per day, or about 2 second feet per acre* 
The total volume of the reservoir at the maximum elevation of 190 is 
100 Acre Feet and the area submerged 45 acres* The total capacity 
of the reservoir for percolating water into the stream bed would then 
be about 90 second feet. 

If ultimately found desirable, it would be entirely feasible 
to design a higher dam at this point, or to increase the percolating area 
by a number of small low rock dams, built by enclosing gravel and boulders 
in a wire meBh bag as previously described* A series of such dame 
could be located in the main creek bed below the Bonner Avenue Bam, or 
could be located in either the Almaden or Guadalupe Creek beds above 
their junction* 
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This general location for artificial replenishment of 
the underground, water bodies, is especially favorable as the underground 
water contours indicate by their slope that water sunk in this vicinity 
would tend to travel northwestward toward the orchard sections below 
Cang>bell which are greatly in need of an increased water supply* 

EE-USED GROUND WATER 

Particularly in the Coyote and in the West Side Divisions 
of the District a material portion of the water distributed on the 
high lands will find its way to the underground vater strata and be 
made available in the lower portions of the District for re-use* 

An exact analysis of the amounts and distribution of such return flow 
is impractical, but a general estimate may be made from careful 
measurements under similar conditions* Mr. C*H* Lee, now state 
Water Commissioner, found in the Owens River Valley, of the Ics 
Angeles Aqueduct Project (See Water Supply Paper U*S« Geological 
Survey #294, Pg* 71), that about 50% of the water ueed for irrigation 
in the Owens River Valley is available for reraise by pumping lower 
down* Measurements of the Cache LAPoucLre in Colorado (See Sep* 

Eo* 1, O.EoS. Bull* 158, 1904 Irrigation & Drainage Investigations, . 
Pgs* 39 to 50) ahosed that about one-third of tbs water used for 
irrigation in the upper valleys reappeared In the stream bed lower 
down for refuse* Careful measurements by the State Engineer of 
Eevada in adjudicating water rights on the Walker River* showed that 
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approximately one-half of 234 second, feet used for irrigation in 
Antelope Valley* reappeared and passed through the gorge between 
Antelope Valley and Smith Valley as underflow or surface flow* 

Similar conditions occur in the passage of the water from Smith 
Valley into the next lower Valley y which is much the largest of 
the three Valleys irrigated from the Walker Biver* This last 
example has been given in some detail because the topography is 
very closely analagous to that of the upper portion of the Coyote 
Divis ion* 

The Coyote Division is separated into three quite distinct 
valleys by rook spurs at the lower Gorge and at the Narrows* (Fig* 8) 

The measuremanrs by the Bay City Water Company of absorption from 
the Coyote showed that an average of about 75$ of such absorption 
occurred above the Lower Gorge, and about 15$ above the Narrows, leaving 
only 10$ between the Narrows and Julian Street, San Jose. It is 
the intention of the present plan to carry the releases for the 
Coyote Division from the reservoirs to a point near the Lower Gorge 
in cement lined canals for release into the creek beds, or for 
surface distribution as may later be desired* This conveyanoe 
of the water between the Upper and Lower Gorges in a lined canal is 
necessary to avoid super-saturation with resulting drainage, in 
that portion of the Coyote area which would occur if it was subjected 
to a continuous and uniform stream flow from the reservoirs during most 
of the year* it has been shown by measurements that below Julian 
Street, San Jose, the Coyote is a "making stream"* The Coyote 
Division has accordingly been segregated into up-lands above Ean Jose 


219 



■28 




and Easterly* and lew-lands below this point* It will now be 
assumed that one-half of the water released for irrigation or 
stream absorption in the up-land area of the Coyote is available 
for re-use in the low-land area* 

Similar conditions exist in the lest Side Division and 
in estimating stream absorption it has been assumed that there 
is no absorption below a line approximating the Southern Paoifio 
Bailroad* The West Side Division will accordingly be divided 
into up-land and low-land areas using the railroad as a division 
line* There is no marked barrier* however* to the underflow 
comparable to the rock gorges at the Narrows and Lower Gorge 
of the Coyote* The slope of the surface contours* as well as 
of the underground water oontours indicates that re—usable water 
from the lest Side area is probably uniformly distributed over 
the low^-lands of lest Side and Coyote areas and it will be assumed 
that one-fourth of the water used on the up-land area of the lest 
Side Division will beoome available for re-use in the lowland 
areas of both divisions* 

In addition to these amounts directly available for the low¬ 
land areas* there will be available amounts for second re—use, and which 
unless intercepted, might otherwise escape under the marginal marshes of 
the lower San Francisco Bay* It is planned to intercept these esoaping 
amounts of water by lines of pumped wells to supply the Palo Alto 
and Milpitas Divisions* 
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Baaed upon the above deductions* the following Table 21 
shoWB the gross requirements for the Vest Side* Coyote * Evergreen 
and Milpitas Divisions as developed from the duty of water re¬ 
quirements of Capter III* together with the portion of these 
gross requirements which will be available from primary sources 
of stream absorption and reservoir releases* and the portion 
available from re-used water in the low-lands* 
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TABLE 21 


AMOUNT AND SOURCE OF RE-USABLE WATER 


DIVISION 

Total Water 
Requirements 
Up-Land Area 

Estimated 

Return 

Water 

i Available for Use 

t : West Side 

t Coyote Div*; Div* 

in 

iMilpitas 
i Div. 


Ao.Ft. 

ACoFto 

Ac.Ft. 

Ac.Ft. 

Ac.Ft. 

West Side 

82500 

20600 

9400 

11200 


Coyote 

29000 

14500 

(1) 

14500 

— 

(1) 

Evergreen 

13300 

3325 

— — 

- - 

3325 

TOTAL 

124*800 

36.425 

23,900 

11,200 

3,325 


TOTAL WATER REQUIREMENTS AND AVA I LABIE WATER SUPPLY 


Total Maximum 


DIVISION 


:Primary Sources 


Ave,liable Supply 


t Be-ueed Water 



Ao«Ft« 

Ac.Ft*2) 

Ac ©Pt* 

West Side 

109,100 

97,900 

(3) 

11,200 

Coyote 

52,500 

29,000 

(4) 

23,900 

Evergreen 

13,300 

13,300 

(1) 

Milpitas 

7,800 

4,475 

3,325 

TOTAL 

182,700 

144.675 

38,425 

Notes 

11) Return Water from Evergreen Division assumed to pass 



to lowlands of Coyote Division end be recovered for 
use in Milpitas Division by proposed, well pumping plants* 

(2) 73,900 Ac.Ft. from water sheds of West Side Division and 
balance from Coyote Reservoirs* 

(3) 24,000 Ac.Ft* from Coyote Reservoirs and balance from 
adjacent watersheds* 


(4) 



6,300 Ac*Ft 0 from watersheds of Evergreen Division and 
balance from Coyote Reservoirs* 


900 



TAELS 22 . 

COflSEBVABLE WATER FBOM PB3MABT SOURCES 
_1902 - 1920_ 


ST3EAM 

Maximum 

Ac. Ft. 

: 

Minimum »_ 
Ac. Ft o , 

Average 

Ac* Ft® 

ji of 
.Bunofl 

penitencia 

5,050 

1,010 

2,975 

30 

Coyote 

69,865 

26,800 

58,890 

73 

UT»3 

13,700 

8,000 

13,400 

49 

Uagas 

8,800 

1,570 

8,215 

74.5 

Alma&en & Guadalupe 

36,750 

2,840 

19,045 

96.5 

Loe Gatos 

38,540 

6,100 

23,785 

56.5 

San Tomas 

3,020 

300 

1,550 

74 

Campbell 

14,760 

1,410 

8,855 

75 

Calabazas & Stevens 

29,070 

2,560 

16,750 

81 

Permanents 

4,480 

370 

2,485 

89 

San Antonio 

2,290 

195 

1,305 

75 

Madera* Los Trancoe 
& San Francisquito 

8,150 

1,095 

4,300 

39 

Minor Watersheds 

35,500 

1,550 

15,930 

95 

TOTAL 

261,040 

57,695 

177,480 

69 
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TOTAL AVAILABLE WATER SUPPLY 

Based, on the analysis of the total tributary water supply 
of the Talley, as set forth in Chapter IV, the foregoing study gives 
the total water supply available for beneficial use if coxaervation 
measures are fully appliedc The total available supply is shown 
in tabulated form in Table 22, and graphically for the entire valley 
on Plate 1 (Frontispiece) and for each of the main streams on Plates 
11 to 22« 

The water shown to be thus available for the last 16 years 
averaged 177,480 acre feet per year, or 69$ of the runoff, with a 
maximum of 261,040 and minimum of 57,695 acre feet* The 
average yearly water available from the primary sources described 
augmented by re—used water, which 1 b the secondary source of supply, 
is 215,900 ache feet* To this may be added a possible 20,000 
acre feet frcm the Coyote and 5,000 acre feet from the Uvae when 
the demand becomes such as to justify the expenditure for practically 
full conservation on those streams. 



CHAPTER Y1 


COHSTBPCTIOH PROGRAM A3TD COST ESTIMATES 


Griiltl 


The construction program upon which general estimates are based 
is predicated upon four general lines of procedure* ** 

1 0 Construction of Storage Reservoirs* 

2« Constriction of the Conduits required to deliver 
water fran the reservoirs to initial or central 
points of use* 

So Construct ion of Spreading Works on Stream 
Channelas 

4« Construction of Central Well Collection, and 
Pumping Plants in lower end of Valley near 
San Francisco Bay a 

The province of this report is oonstmed to cover the present 
water conditions and the possible changes in those conditions resulting 
frcm a general program of conservation of waste waters, together with 
an outlined plan of main conduits and works to deliver the conserved 
water into the various portions of the Valley at united or central 
distributing lines or pointso 

It is clearly not practicable or advisable at this time, from 
the standpoints of time or funds, and in advance of legal organisation, 
and the necessary detailed study of the local needs and wishes of 
irrigators in the various sections, to attempt analyses of the detailed 
problems of distribution and use of water* This is the second 8tep in 
the program, and can only come after legal organization of the District 


The cons traction program is, therefore, concerned with conserving 
the waste water and carrying it to ooasaon points for such detailed use as 
circumstances may direct, this preliminary program being essential to and 
the same for any method of distribution* 

On the general map of the District (Plate 70) the locations of 
main conduits as tentatively laid out are shown* The general scope of 
the proposed worts in outline is as follows* - 

Water from the Uvas and Llagas reservoirs to he carried in open 
canals to three points on the hills at the West Side of the Valley, from 
which pressure pipes will convey the water across the Valley to the East 
Side* Prom these canals and centrally located pipes distribution in 
any manner desired esn he effected* 

Water fran the Coyote will he delivered fran the reservoir into 
the stream charnel, and thence diverted by canals and pipes to the East 
and West sides of the main Valley* 

Water from streams on the West Side will be carried in canals 
along the western margin of the Valley* 

A portion of the Palo Alto end all of the Milpitas section will 
he provided with water from groups of wells and control pumping plants 
located along the margin of the Bay* 

It must be clearly understood that the capacities here assigned 
to the various conduits and pumping plants are tentative only, and subject 
to the revision of detailed study to meet the needs of each locality* The 
general layout proposed is for estimating purposes, and has been made 
liberal* Befinement of detail will not change the general scope of the 


plan* 
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I ESCBIPTIOH" OF PROPOSED WQEK5 

1. HBSBRVOIBS 

A "brief description of the proposed reservoirs end dams is given 
in Chapter 5. Further detail is shown on Plates 31 to 64, inclusive* 
Locations of these reservoirs are shown on Plate 30. 


3U CASALS MI PIPE LIKES 

Pvas and Llagas Conduits for Morgan Hill-Gilroy Division . 


(a) Uvas reservoir to junction with Lion Batch "branch at 
Sycamore Ave* 2-1/4 miles open canal, with capacity 
40 cu.ft* per sec* 

(b) Lion Banch - Church Bead Conduit. 

3 miles open canal to point hills* 1-1/4 miles 

24" & 2-1/8 miles 20* pressure pipe to East Slide Valley 

along Church Boad* Capacities from 20 to 10 cu.ft.per seo. 

(c) Uvas conduit from Lion Banch branch to junction with 

Llagas conduit. 3 miles fcpen canal. Capacity 20 cu.ft.per sec. 

(d) llagas reservoir to junction with Uvas conduit* 2 miles 
open canal. Capacity 20 cu.ft.per sec* Liversion dam 
in Llagas Creek below reservoir. 

(e) Main conduit Uvas* Llagas junction to Spring Ave. 3/4 mile 
open canal with capacity 40 cu.ft.per sec.and 1-1/4 mile,with 
capacity 20 cu.ft.per sec. 4/l0 miles,28" pressure pipe 
siphon. 

(f) Spring-Liana Ave. Conduit l-l/g mil es 34" and l-l/2 miles 
24" pressure pipe across Valley. Capacity 20 to 10 cu.ft.per 
sec. 

(g) Watsonville Boad- Middle Ave. conduit- 2 miles 26" and £ miles 
20" pressure pipe across Valley. Capacity 20 to 10 cu.ft.per sec. 
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Coyote Conduits for West Side 

end Evergreen Divisions : It is proposed to deliver water 

from Coyote Beservoir #1 into the channel of Coyote Creels down which it 

will flow about 1-3/4 miles to a diversion weir at the head of the main 

canal. From this point the main conduit with a capacity of 200 cu* ft. 

per sec. will proceed along the hills on the Bast Side of the valley as far 

as Bailey Ave*» where it will oroas to the Vest Side. At this point the 

water required for Coyote gravel replenishment and the Evergreen Division 

will be dropped into the creek and allowed to flow down the ohanuel through 

the lower Gorge. Bear the Eidenvale Barrows a diversion weir will pick up 

the water for the Evergreen Division, which will be conducted in a canal 

along the East side of the Valley to Seed Ave., beyond the Story Bead. 

Here a pumping plant will lift the water 75 feet to a higher level oonduit, 

which will continue northerly along the hills to Milpitas Lane. Be turning 

to the Coyote at Bailey Ave* the main West Side conduit will cross by 

pressure pipe to the hills West of Coyote Station* and thenoe along the 

western hills by open canal to the point of the Santa Teresa Hills* near 

the junction of Alamitos end Guadalupe Creeks. From this point the main 

oonduit will follow approximately the 200 ft* contour northward through 

Campbell end the central Wes t Side to Stevens Creek. A branch from the 

main conduit will pass southward frem the point of the hills to and 

across Alamitos Creek, near the Pioneer School, where a pumping plant 

will lift the water to a 300 ft* level West Side marginal oonduit. The 

water thua lifted will augment the flow of the Alamitos and Guadalupe 

for the area between the 200 and 300 foot levels. These oonduits are 

briefly described as follows: - 




(a) Coyote resdrvcir to point of canal diversion, 1-3/4 miles: 
no conduit* 

(Is) Mato Canal - 2-2/2 miles: Cap* 200 cu* ft# per sec* 

(o) Utitilze small creek bed* 7/8 miles; no conduit* 

(a) Main Canal to Coyote Elver crossing, 1—7/6 miles* 

(e) Coyote crossing to Main Highway, 2/2 miles, 52" concrete 
pipe* capacity 100 cu# ft# per sec* 

(f) Along Highway to Laguna Seca Hille* 1—1/2 miles: 60 inch 
concrete pipes* 

(g) laguna Seca Hills to point Santa-Teresa Hille: 9-2/2 milea 
open canal* Capacity 100 cu* ft* per sec* 

(h) Santa Teresa Hills to Los Gatos Creek: 5-2/2 miles canal; 

80 cu* ft* per sec* 

(i) Los Gatos Creek to Stevena Creek: 9-3/4 miles; 50 to 20 
cu* ft* per sec* 

(j) Santa Teresa Hills to Alamitos Pump Station: 7/8 miles; 

20 cu* ft. per sec* 

(k) Aland.toe Pump Station* 

(l) 30" pressure pipe Alamitos Pump Sta# to High level Canal 
from Alamitos Creek: l-l/8 miles* 

An alternative plan to reach the West Side high level canal 
entirely by gravity from the Coyote has been considered and studied* This plan 
consists of a canal leaving the Coyote Eeservoir Dam #1 at an elevation of 425 
feet, and by a continuous lined canal end high pressure siphons across the 
Coyote and Alamitos Valleys, reach the West Side Canal* This corduit being at a 
high level will traverse throughout its length a difficult country with expensive 
siphons, and its costs condemns it as compared with the low level project* The 
additional cost for the high level over the low level conduit will necessitate an 
annual and perpetual fixed charge cn the capital invested, whereas it is estimated 
that the Alamitos end Guadalupe high level supplies will only need augmenting from 
the Coyote in 2/3 or 1/2 of the years, during which time only th6 pumping plant 
need be operated* Hence this plan will not be further Considered* 



6—6 


High Level West Side ; Beginning at diversion weirs on the Alamitos, 
a hi£i level Vest Side Conduit will paBE northward along the hille and pick up 
water from the Guadalupe, Los Gatos, San Tapes, Campbell, and Calahazas Creeks, 
and terminate at Steves Creek. A still higher conduit will divert from 
Cal aba* as Creek to supply land above the last named oonduit between Campbell 
and Stevens Creeks* A conduit diverting fran Stevens Creek will pass north¬ 
ward along the District boundary as far as Sen Antonio Creek, and pick tip 
water from Permanente Creek. Details are as follows: - 

(a) Alamitos diversions to Alamitos Siphon, % miles, 

20 cu* ft. per seo* 

(b) Alamitos Siphon to Guadalupe Creek, 1 mile, 40 cu*ft*per sec* 

(c) Guadalupe Creek to Los Gatos Creek, 5 miles, 50 " " " " 

(d) Los Gatos Creek to Stevens Creek, 9|- miles, 40 Vo ZO ** " 

(e) Calabazas Creek to Campbell Creak, 1-3/4 mileB, 50 " *• " 

(f) Calabazas Creek to Stevens Creek, 4 miles, 10 cu.ft. per sec. 

(g) Stevens Creek to Pexmanente Creeks, miles, 30 cu.ft.per sec. 

(h) Permanente Creek to San Antonio Creek, 4§- miles, 20 ctufuper sec* 

Bast Side - Evergreen 

(a) Coyote Creek Diversion Weir. 

(b) Canal along East side from Diversion Weir to Pump St a* at Seed Ave* 

10-3/4 miles, £0 cu. ft* per sec* 

(c) Deed Ave. Pumping Station. 

(d) Canal from Pumping Station to Milpitas Lane, 4-3/4 miles, 

10 cu*ft. per sec* 

Palo Alto Division 1 A conduit diverting from San Antonio Creek will 
pass northward along the West line of the District,picking up water from Madera Creek 
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This conduit will he out two miles in length with maximum oapacity Of 

20 on. ft* per sec., and will serve the higher levels of this Division* 

Creek 

San Antonio and Madera/charnels are available as conduits to serve lower 
diversion points and surface eonduits if so desired* 

fHEUCTHL TYPE OF OOKPUITS ASP PUMP MIG PLANTS 

Canals : Open oanals are proposed in all locations where gravily 
conduits are practicable, except along highways and at principal road cross¬ 
ings. The average grade for all canals will he 4 ft* per mile. Side slopes 
will he 1 to 1, and bottom widths, dependent on carrying capacity, will 
vary from 2*5 to 6*5 feet, with water depths of 2«5 to 4 ft* A plastered 
cement mortar lining 2 inches thick is proposed to prevent seepage losses* 
Pine Lines! The Coyote Elver crossing and conduit along Highway 
to Laguna Seca Hills, principal road crossings, and all locations where 
a covered gravity or light pressure conduit is required, will consist of 
plain or reinforced concrete pipe, Wherever pressure siphons or 
pipes are required either riveted steel or handed wood stave pipe will 
he used. 

Pumping Plants: The pumping plants at Almaden and Beed 
Avenues will he designed for max imam efficiency under fixed heads, using 
horizontal centrifugal pumps direct connected to electric motors* The 
capacity of the Almaden plant will he 20 cu. ft. per sec* and of the 
Beed Ave* plant, 10 cu. ft* per sec., each plant having a standby, or 
emergency unit* 





g. SPREADING WOBKS OK SIKESM CBAHKBIfi 


A description of the proposed works end their location is given 
in Chapter IV* Farther details as to plans are given on Plates 67 to 69 

4. CEHTRAL PUMPDIG PLAHTS 

Palo Alto Division : 

The water lacking to supply the demands of the Division 
from gravity sources will he supplied from a central pumping plant located 
about as shown on map (Plate 70). This central pumping plant will derive 
its water from a pipe line skirting the edge of the marsh land of the Bay, 
into which will feed a number of individual well p umping plants scattered 
over a wide area* The estimated number of wells required for this de¬ 
velopment is about twenty* with an assumed average delivery per well of 
1 cu* f to per 8eo* The wells will be spaced about one-quarter mile 

apart along a line East and West cross cutting the Valley* in order to 
distribute the draft uniformly over a wide area and intercept most 
efficiently the final return water from the upper valley which would other¬ 
wise pass to the Bay beyond the limits of beneficial use* Each will be 
equipped with a deep well vertical turbine pump* direct connected to a 
vertical electric motor and equipped with remote control. The well 
pumps will discharge into a common pipe line about five miles in length* 
and varying in diamBter frac 20 inches to 34 inches* leading to a central 
pumping plant at the eastern boundary of the Division* 

The oentral pu mp ing station will boost the water delivered 
from the wellB to the higher levels, with a maximum lift of about 50 feet* 
This station will be equipped with higi grade* high efficiency horizontal 
centrifugal pumps* direct connected to electric motors* 





Milpitas Division 


The entire source of water supply for this Division will 
he a group of wells delivering to a central pumping station as 
just described for Palo Alto. The number of wells required is 
estimated to be eighteen, with average delivery of 1*00cubic feet 
per second. The length of pipe line to main pump station and 
pump station to the 100 contour is estimated at 4-3/4 miles* 
with diameters from 20" to 30". 

This pump station will be located about one mile Worth 
of Milpitas on the State Highway, as shown on map. From the 
pump station water will be lifted to the 100 ft. contour, along 
which conduits will run Worth and South to the boundaries of 
the Division. At the Calaveras Road a boosting pump station 
will lift 5 cubic feet per second of water to the 225 ft. level 
to supply a canal running South along the hills to Milpitas Road 
and irrigating land above the 100 ft. level. 

ESTIMATES OF POST 

SEWSRA1 

The following general estimates of cost are based on 
the foregoing general layout for the proposed system to conserve 
and deliver water under a comprehensive plan throughout the 
entire valley. 

QUANTITIES 

Quantities for the dams have been calculated from direct 
surveys or furnished maps, and sure subject to confirmation or 
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revision, or change of type, resulting from the detailed borings 
and studies not now practicable for lack of funds. The 
types and quantities are believed, however, to be such as to 
represent the mftilwiM of cost. This also applies to accessories, 
detailed designs of which have not been attempted. 

Available topographic maps have been used as the basis 
for locating canals and other conduits, and determining their lengths. 
Personal inspection has been made of these locations an the ground, 
to determine general character of material, conditions affecting 
construction, etc. Quantities have been calculated frcm actual 
designs for each conduit, and an average per mile for each sise 
and type of conduit determined* 

UUIT COSTS 


The unit costB throughout are those selected as being 
Justified by present known construction costs based on present 
prices for materials and labor. 

The cost of reservoir sites is based on reports of sub¬ 
committees of the Conservation Committee. 

Pumping Plant cost are based on known costs per horse¬ 
power installed for complete installations. 
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are that these prices will he revised slightly downward, if at all, 
and are a safe basis upon which to project coats for the next few 
years. The unit costs adopted are as followsi— 

DAMS AID RESERVOIRS 


Hydraulic fill 
Earth fill, rolled 
Loose rock fill, measured in dam 
Bock excavation, in place 
Trench excavation, in earth 
Plain concrete 
Beinforeed " , facings 
" " , structures 

Man handled rock 

Outlet pipes, small, 36" reinf. cono. 

" towers 

" valves & gates, complete each 

structure 
Berm paving, 4" concrete 
Clearing sites 
Boad changes, average 
Property, Uninproved 

" , partially improved and improved 

CONDUITS 

Earth excavation, side hill 
" " , valley 

Bock excavation, side hill 
Concrete lining, 2" thick plastered 
Concrete pipe, 50" to 60", average 
Steel pipe, 18" to 34" 

Bights of Way 
4*x 6 ? lined tunnel 

PUMPING PLANTS 

Booeting plants, installed complete. 
Individual well plants, aver. 300' wells 
end equipped complete, each 

MISCELLANEOUS 


»50 cu. yd. 
,75 » 

1.00 " 

$1.50 to 2.50 " 

1.00 « 

12.00 « 

15.00 " 

$15.-to 20.00 " 

3.00 " 

10.00 p6r ft. 
30.00 " 

$2500.to 5000.00. 

.25 sq. ft. 
100 *. 00.per acre 
5000.00 per mile 
$50.to 200.00 per acre 
400. " 750.00 " 


1.00 cu. yd. 

.50 « 

3.00 " 

•15 sq. ft. 
10.00 per ft. 
$2.75 to 6.40 " 

$100.to 1500.00 per acre 
20o00 per ft. 


50.00 per h.p. 
7000 .00 


To provide for contingencies pending detailed surveys and 
designs, engineering and administration, lost interest etc. during 
construction, an allowance of 25$ has been made on the estimates prepared 
from the above unit prices. 
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SUMMABIZED COSTS 


Beaervoirs 

Th® following summarised estimates have teen oompiled from 
the detailed estimates for the various structures. 

TABLE 25 . 

SUMMARY 07 BESEBYOIB COSTS 


1 


Storage Cep. 

{Type sHeight}Crest 

{MaterialcjTetaljCoet per 1 

Beeervoir 

Ac • Ft# • 

:Dam : 

Ft. 

{Length: 

{Cost :Ac.Ft. 





: Ft. 

: Cu.Yia 

• ; $ {Storage! 

Coyote #1 

60000 

Hyd.Fill 

210 

1085 

1878450 

1661300. 27.70 

" #2 

60000 

Bock 

150 

1020 

537170 

1080310. 18.00 

Uvas 

20000 

•» 

130 

1180 

525000 

951800. 47.60 

Llagas 

20000 

•t 

125 

800 

357300 

708600. 35.48 

Calero 

9000 

Hyd.Fill 

90 

800 

420740 

380000. 42.20 

Almaden 

2500 

Concrete 

110 

445 

5540 

135000. 54.00 

Guadalupe #1 

3500 

Bock 

125 

580 

1216BD 

377170. 107.70- 

Calah&z&e 

1600 

Hyd.Fill 

108 

480 

187060 

183595. 114.70 

Stevens #1 

4000 

It 

107 

860 

385200 

350000. 87.50 

" #2 

2000 

Concrete 

125 

410 

5140 

146000. 73.00 

" #3 

600 

Hyd.Fill 

65 

430 

83815 

114000. 190.00" 

Permanents, 5.F. 

1170 

M 

85 

600 

231050 

189000. 161.00- 

“ N.F. 

1100 

It 

85 

480 

179470 

165020. 150.00 

San Antonio 

1000 

It 

55 

615 

138250 

148000. 148.00 

Madera 

5300 

Bock 

105 

500 

119610 

290000. 54.70 

Total Cost of EeBervoir8 .. 


» • • • • 


> • • • • 

$6,879,795. 

Coet of storage 

per acre foot. 

average, , 



1 • 4 • * 

35.67 



Reservoir Connecting Conduits 
Almaden to Calero 

3-14 miles canal and 4000 ft. tunnel 165,000.00 


Stevens #2 to Calafcazas 
Ig- mile b Canal 


30,000.00 


Ios Trancoe to Madera 
Diversion leir 
Miles Canal 



5000. 

22500 . 27,500.00 

$242,500.00 
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Conduits and Pumping Plants 


Morgan Hill - Gilroy Division (Item s (a) to (g) 
Coyote and West Side Divisions 

Items (a) to (g) Coyote Res* to point 
Santa Teresa Hills 
Items (H) to (i) Santa Teresa Hills 

to Stevens Creek on 200 ft. level 
Items (j) to (l) Santa Teresa Hills 
to High level Canal on West Side 
Items (a) to (d) High Level West Side 
Alamitoe to Stevens Creek 
(e) and (f) Calabaaas to Campbell 
and Stevens Creek 
(g) Stevens to Permanente and 
Permanente to San Antonio Creek 
Palo Alto Division 

High Level conduit from San Antonio and 
Madera Creeks 

WeiIs, pumping plants, pipe lines* lands 
and rights of way 
Evergreen Division 

Items (a) to (d) Coyote Diversion 
to Milpitas Lane 
Milpitas Division 

Wells* pumping plants, pipe lines, lands 
and rights of way 

Total . 


Spreading Dams 


Loe Catos Ho. 1 
" Ho. 2 
Guadalupe 
Check Dams 

TOTAL . 

GENERAL SUMMARY ENTIRE PROJECT 


Reservoirs and Connections 
Conduits and Pumping Plants 
Spreading Darns 

GRAND TOTAL .... 

Coet Per Acre (157,550 Ac. Gross) 


$533000. 


644700. 

343000. 

69000. 

467000. 

87200. 

127200. 

66250. 

490400. 


232000. 


495451 
$ 3.555,200. 


109000. 

57500. 

53500. 

50000. 

270000. 


$ 7122295. 
3555200. 
270000 . 
$10947495. 

$ 69.50 




(By L.D* Bohnett, Attorney, Santa Clara Talley 
Water Conservation Committee)* 



The question of organization to carry on the voile of develop¬ 
ing the waters of Santa Clara Talley and the watersheds tributary 
thereto is not without its difficulties* We have a highly de¬ 
veloped territory, large areas of which are already irrigated to 
some extent, and some of which is abundantly watered. Conditions 
are very different in several respects from those existing in the 
large interior valleys of the state, where most of the irrigation 
districts of California have been organised. As existing legisla¬ 
tion relative to irrigation districts was naturally framed largely 
to meet conditions existing in these large valleys, and in the com¬ 
paratively undeveloped sections thereof, it is hard to make that 
legislation fill local needs* 

It is evident that water sufficient for the irrigable portion 
of Santa Clara Talley cannot be developed from one source* All 
available sources 6hould be utilized. Existing legislation is ex¬ 
pressly dr arm for the organization into a single district of land 
which can be watered from a common source. Consequently a number 
of districts will probably have to be organized in Santa Clara Talley 
if no new legislation can be obtained* A number of districts would 
undoubtedly add to the difficulty of a couple te development of the 
water of the county as there v.ould naturally be a tendency for wach 
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district to appropriate to its own use as mch water as possible* 

A single district under the supervision of one hoard of directors 
would seem to he necessary for the complete and harmonious develop¬ 
ment of our waters* 

Another reason why it is believed that the existing lav for 
the organization of irrigation districts would not he favored by the 
orcharditts of Santa Clara Talley is that it provides for uniform 
taxation upon assessed land values, exclusive of improvements, ex¬ 
cept that land within a district having its own water supply is 
taxed only for the payment of interest on bonds* 

To meet theBe difficulties Senate Bill Ho* 192 has been in¬ 
troduced in the state legislature by Senator Jones* This bill pro¬ 
vides that an irrigation district to be known as H Santa Clara County 

Irrigation District” be organized with boundaries as indicated in 

(See Plate 70} 

the foregoing report/ but only upon approval of a majority vote at an 
election to be held at which all eleotorB within the boundaries of the I 
proposed district will be entitled tc vote* The district, if organized, 
will have seven directors, elected by the voters of the several sub¬ 
divisions of the district outlined in the bill* The board of directors 
will have general supervision of the affairs of the district* 

l.'o storage or other development project can be undertaken by the 
directors without the favorable vote of the landowners affected* The 
territory to be benefitted by the proposed development must first be 
outlined by the engineers and the estimated cost apportioned by dis¬ 
interested assessors to the several parcels of lend within this area 
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according to the benefits to be received* An election must then 
be held within the territory to be benefitted, at which election each 
owner of land will be entitled to one vote for each dollar of the es¬ 
timated cost he will be obliged to pay according to the apportionment 
already made* If a majority of the votes cast favor the project* the 
development mast be undertaken by the board of directors* At the same 
election the voters will determine whether the cost of the development 
shall be met by direct assessment or by a bond issue* 

Expenses of the district other than for development purposes* 
that is the "overhead" expenses* will be paid by an assessment upon all 
property within the district* The board of directors will furnish the 
board of supervisors each year an estimate of the amount of money necessary 

\ 

for the ensuing year ana the supervisors will fix the tax rate* whieh will 
probably always be low* Taxes for the general fund of the district will 
be collected by the county tax collector with the county taxes and the 
money will be paid to the county treasurer and paid out upon warrants of the 
oounty auditor upon reguest of the board of directors* 

Many details of the proposed law are necessarily omitted from 
thiB brief outline* It is hoped that those interested will obtain oopies 
of the bill without delay and that a general study and discussion of the 
bill will show wherein it may be inproved so that when enacted it will be 
"workable" as may be* Tims is limited and suggestions for changes should 
be made at the earliest possible moment* We believe that we have out¬ 
lined a valid* practicable and effective form of organization* but we want the 
help of all interested parties in perfecting the plan* 
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the following: - 

Frank A* Dikirk A* M. Betagoe 

J. A. MoGiU P. McMillan 

I* H. Larsen 0. Bohner 

J* B. Hodgea W. B. Mar Lag 

C M A. Gunner A. C. schaffner 

Tie writers wish to especially acknowledge the assistance and co¬ 
operation of Dr* S. Fortier and Mr. Frank Adame* of the Irrigation Investi¬ 
gations of the U* S* Department of Agriculture* particularly for access to 
the original notes of the numerous important investigations in this local¬ 
ity under their supervision* 

Ur* 2* L* Haehl, formerly of die Bay Cities Water Company, who has 
made a most exhaastive study of the hydrography* especially of the eastern 
side of the Talley* has given freely of hla time and knowledge of the subject, 
and has provided the use of a large amount of invaluable data oollected 
1 under hia supervision* 

Mr. A* E* Both, Comptroller of Stanford University* has allowed the 
use of important data on the San Franc iaquite Watershed. Dr* J* C* Brenner* 
of Stanford University* furnished numerous records of well logs* end Mr* 

W* S* T* Smith furnished valuable data on San Antonio Creek* 

Ur* Irving L. Byder* County Surveyor* has contributed especially to 
the early start of the field work by furnishing excellent maps of the area 
covered* 

The citizens and land owners of Santa Clara Talley owe the greatest 
debt of gratitude to the members of the Santa Clara Talley Water Conserva¬ 
tion Committee* who* without compensation, have given freely of their 
time and energy toward the preparation of this report as a contribution 
to the solution of the most important problem ever faced by Santa Clara 
Talley* 
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